PB89-910202 





SOL) GL ED 


2 WATER 





RESOURCES 
ABSTRACTS 


VOLUME 22, NUMBER 2 
FEBRUARY 1989 


W89-01270 -- W89-02286 
CODEN: SWRABW 











ELECTED WATER RESOURCES ABSTRACTS (SWRA) is produced by the Geo- 
logical Survey, U.S. Department of the Interior, and published monthly by the National 
Technical Information Service (NTIS), U.S. Department of Commerce. 


SWRA is available to Federal agencies and their contractors or grantees in water resources 
research upon request, citing contract or grant number and sponsoring agency. Write: 
Water Resources Division, U.S. Geological Survey, MS 425, Reston, VA 22092. The 
SWRA JOURNAL is also available on subscription from NTIS, 5285 Port Royal Road, 
Springfield, VA 22161. Annual subscription rates for the North American Continent are: 
Journal only, $145.00, Journal and Annual Indexes, $175.00; Indexes only, $65.00. Other 
Addressees, write for prices. 


Some documents abstracted in this journal can be purchased from NTIS. Price codes are 
given in the entries and a current code-price conversion table is printed on the outside 
back cover. Other documents are available from originating organizations or authors as 
indicated in the citation. 











SELECTED 


WATER RESOURCES 
ABSTRACTS 


A monthly publication of the Geological Survey 
U.S. Department of the Interior 


VOLUME 22, NUMBER 2 
FEBRUARY 1989 


W89-01270 —- W89-02286 


The Secre. ary of the Interior has determined that the publication of this periodical is necessary in the 
transaction of the public business required by law of this Department. Use of funds for printing this periodical 
has been approved by the Office of Management and Budget through September 1989. 











s the Nation’s principal conservation agency, the Department of the Interior has respon- 
sibility for most of our nationally owned public lands and natural resources. This in- 
cludes fostering the wisest use of our land and water resources, protecting our fish and 
wildlife, preserving the environmental and cultural values of our national parks and historical 
places, and providing for the enjoyment of life through outdoor recreation. The Department 
assesses Our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for people who live in Island Territories under 
U.S. administration. 











PREFACE 


S elected Water Resources Abstracts, a monthly 
journal, includes abstracts of current and earlier 
pertinent monographs, journal articles, reports, and 
other publication formats. These documents cover 
water resources as treated in the life, physical, and 
social sciences and the related engineering and legal 
aspects of the characteristics, supply condition, con- 
servation, control, use, or management of water 
resources. Each abstract includes a full bibliographic 
citation and a set of descriptors which are listed in 
the Water Resources Thesaurus. The abstract 
entries are classified into 10 fields and 60 groups 
similar to the water resources research categories 
established by the Committee on Water Resources 
Research of the then Federal Council for Science and 
Technology. 


Selected Water Resources Abstracts is designed 
to serve the scientific and technical information needs 
of scientists, engineers, and managers as one of 


several services of the Water Resources Scientific 
Information Center. The cumulative SWRA file from 
1968 and monthly updates are available also in 
magnetic tape through lease from NTIS. 


THE WATER RESOURCES SCIENTIFIC INFOR- 
MATION CENTER DOES NOT PROVIDE COPIES OF 
DOCUMENTS ABSTRACTED IN THIS JOURNAL. 
Sufficient bibliographic information is given to en- 
able readers to order the desired documents from 
local libraries or other sources. 


Comments and suggestions concerning the contents 
and arrangement of this bulletin are welcome. 


Water Resources Scientific 
Information Center 
U.S. Geological Survey 
MS 425 National Center 
Reston, VA 22092 
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SELECTED WATER RESOURCES ABSTRACTS 


1. NATURE OF WATER 
1A. Properties 


NALCO WATER HANDBOOK. 
For primary bibliographic entry see Field 5F. 
W89-01824 


2. WATER CYCLE 
2A. General 


RECHARGE-DISCHARGE FUNCTION OF 
WETLANDS NEAR JUNEAU, ALASKA: PART 
II, GEOCHEMICAL INVESTIGATIONS, 
Syracuse Univ., NY. Dept. of Geology. 

D. I. Siegel. 

Ground Water GRWAAR, Vol. 26, No. 5, p 580- 
586, September-October 1988. 3 fig, 2 tab, 30 ref. 


Descriptors: *Hydrologic budget, *Recharge, 
*Wetlands, *Bogs, *Alaska, *Geohydrology, Hy- 
drology, Fens, Juneau, Solutes, Conductivity, Spe- 
cific conductivity, Metals, Groundwater, Peat, 
Surface water. 


The recharge-discharge function of bogs, fens, and 
forested wetlands near Juneau, AK was investigat- 
ed by comparing concentrations of solutes and 
measurements of specific conductance in wetland 
groundwater and surface water. Average concen- 
trations of major metals define major wetland 
types. Bogs and fens are in recharge areas and have 
the most dilute groundwater. Forested wetlands 
are in discharge areas and have groundwater 
chemistry similar to that found in domestic wells 
completed in mineral soils. Concentration profiles 
of total dissolved metals in blanket bogs were 
compared to theoretical concentration profiles 
based on the diffusion of solutes from mineral soil 
into the overlying peat. All observed concentra- 
tion profiles are less than predicted by diffusion, 
and show that the blanket bogs are long-term 
—— zones, (Author’s abstract) 

W89-01403 


FOREST HYDROLOGY AND ECOLOGY AT 
COWEETA. 

Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. 469p. Edited by Wayne T. 
Swank and D. A. Crossley. 


Descriptors: *Forest hydrology, *Ecology, 
*Coweeta, *North Carolina, *Research facilities, 
*Symposium, *Ecosystems, Geochemistry, Water- 
sheds, Forest watersheds, Streams, Ecological ef- 
fects, Pesticides, Water resources development, 
Acid rain, Air pollution, Research priorities. 


Papers given during a 3-day Symposium held in 
Athens, Georgia, in October 1984 to commemorate 
50 years of research at the Coweeta Hydrologic 
Laboratory summarize and highlight major contri- 
butions from Coweeta to hydrologic and ecologi- 
cal understanding of Southern Appalachian forest- 
ed lands. More than 550 published papers docu- 
ment the research findings at Coweeta and it was 
not possible to include all contributions of the 
program. Principles of biogeochemical cycling are 
illustrated by watershed studies combined with 
research on major processes affecting nutrient 
cycles of forest ecosystems. In addition to in-depth 
analyses of terrestrial and stream processes, the 
breadth of coverage includes historical perspec- 
tives and relevance of ecosystem science to man- 
agement needs. Alterations of terrestrial and 
stream processes and their interactions with man- 
made disturbances such as cutting, logging, species 
conversions, use of pesticides, and atmospheric 
deposition are documented. The importance of 
long-term research in establishing the baseline 
status of ecosystems and responses to natural dis- 
turbances such as insect infestations is illustrated. 
In a broader sense, the Coweeta research effort is 
considered from a perspective of national and 
international forest hydrology and ecology pro- 
grams. (See W89-01691 thru W89-01713) (Lantz- 
PTT) 


W89-01691 


INTRODUCTION AND SITE DESCRIPTION, 
Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

W. T. Swank, and D. A. Crossley. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 3-16, 12 fig, 3 tab. 


Descriptors: *Forest hydrology, *Coweeta, 
*North Carolina, *Research facilities, Research 
priorities, Ecosystems, Ecological effects, Re- 
source development, Geohydrology, Geology, Cli- 
matology, Nutrients, Hydrology. 


The Coweeta Hydrologic Laboratory was estab- 
lished 50 years ago as a testing ground for certain 
theories in forest hydrology. That research re- 
quired development of a firm data base describing 
the hydrologic cycle in watersheds. Later, in 1968, 
efforts began to establish an extensive data base on 
nutrient cycling phenomena in Coweeta water- 
sheds with joint USDA Forest Service-National 
Science Foundation funding. This research was a 
logical extension of the research on watershed 
hydrology. Both types of research have been based 
on an ecosystem concept, explicitly for nutrient 
cycling studies and implicitly even for early studies 
in forest hydrology. The research program at 
Coweeta represents a continuum of theory, experi- 
mentation, and application using watersheds as 
landscape units. Two underlying philosophies have 
guided the research approach at Coweeta: (1) that 
the quantity, timing, and quality of streamflow 
provide an integrated measure of the success or 
failure of land management practices, and (2) good 
resource management is synonymous with good 
ecosystem management. Response to disturbance 
has frequently been used as a research tool for 
interpreting ecosystem behavior. The use of per- 
turbation or disturbance has allowed specific hy- 
potheses to be tested with subsequent revision and 
development of theories and application of results 
when appropriate. The Coweeta Basin is discussed 
and a historical account given of the establishment 
and pti rer of the pro; and facilities. 
= also W89-01691) (Lantz-P'T 
89-01692 


CLIMATOLOGY AND HYDROLOGY, 
Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

L. W. Swift, G. B. Cunningham, and J. E. 
Douglass. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 35-55, 16 fig, 4 tab. 


Descriptors: *Climatology, *Hydrological regime, 
*Streamflow, *Forest watersheds, *Rainfall-runoff 
relationships, Precipitation, Elevation, Seasonal 
variation, Annual runoff, Evapotranspiration. 


Streamflow from an undisturbed forested water- 
shed is the net result of the physiography of the 
catchment and its climate. Various hydrologic re- 
sponse characteristics correlate well with water- 
shed elevation and it has been used as a predictor 
of streamflow response. Elevation, however, is a 
surrogate variable representing several other varia- 
bles whose exact physical relationships to stream- 
flow are incompletely defined at this time. Precipi- 
tation amount and timing have the greatest influ- 
ence upon streamflow. Precipitation increases with 
elevation along the east-west axis of the Basin, but 
is not closely correlated with elevation along the 
slope for the north- and south-facing watersheds. 
At all elevations, precipitation is distributed fairly 
evenly throughout the year with large individual 
storms occurring in nearly every month. General- 
ly, monthly total precipitation is less in April, late 
summer, and fall. Lagged streamflow response 
with snowmelt is a minor factor, because heavy 
snows and long lasting snowpacks are rare. The 
majority of rains have short durations and low 
intensities, but when large, high intensity storms do 
occur, they occur with shorter recurrence intervals 
than predicted from standard reference works. On 
an annual basis, precipitation exceeds evapotran- 
spiration demand and streams flow year round. 


Solar radiation is the primary source of energy for 
evapotranspiration. Because evapotranspiration 
rates are sensitive to temperature, humidity, and 
wind, evapotranspiration also can be correlated 
with elevation. Soil depth decreases and slope 
steepness increases with elevation. Both factors 
reduce the ability of the watershed to retain pre- 
cipitation and thus increase the percentage that 
appears as streamflow. Upper elevation watersheds 
have lower precipitation-runoff factors because 
they have less soil moisture storage capacity, 
return a higher percentage of precipitation as 
quickflow, and have less evapotranspiration 
demand to create soil moisture storage opportunity 
before a rain. (See also W89-01691) (Lantz-PTT) 
W89-01694 


CHARACTERIZATION OF BASELINE PRE- 
CIPITATION AND STREAM CHEMISTRY 
AND NUTRIENT BUDGETS FOR CONTROL 
WATERSHEDS, 

Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

For primary bibliographic entry see Field 2K. 
W89-01695 


RESEARCH ON INTERCEPTION LOSSES 
AND SOIL MOISTURE RELATIONSHIPS, 
Northeastern Forest Experiment Station, Parsons, 
WV. Timber and Watershed Lab. 

J. D. Helvey, and J. H. Patric. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 129-137, 5 fig, 2 tab. 


Descriptors: *Soil water, *Interception, *Infiltra- 
tion, *Forest hydrology, *Evapotranspiration, 
*Rainfall-runoff relationships, *Soil-water-plant re- 
lationships, Streamflow, Transpiration, Riparian 
waters. 


The unsaturated zone of a watershed has been 
called the no man’s land of hydrology and evapo- 
transpiration a term of ignorance. Much has been 
learned about the amount and timing of soil mois- 
ture loss through trees, and of that same water 
ours use by trees to ultimately become stream- 
flow. Fuller understanding of both fluxes were 
important in the formulation of the variable source 
area concept of water delivery to streams. Studies 
of soil moisture played a key role in the develop- 
ment of that concept, and suggested that the com- 
bination of deep soils and frequent rainfall at 
Coweeta may permit vegetation to transpire at 
near-potential rates at all times. This conclusion is 
important for the interpretation of water yield 
results and their applicability to other areas that 
receive less rainfall. The hypothesis that streamside 
trees and shrubs are unusually heavy water users 
because their roots penetrate the water table, has 
been tested. However clearcutting a riparian zone 
showed that although diurnal fluctuations in 
streamflow decreased, streamflow increase was no 
larger than might be expected from cutting an 
equal area elsewhere on the experimental water- 
shed. Thus, the riparian effect, so — along 
channels in arid lands, appears to be lacking under 
Coweetas per humid climate. The riparian effect is 
of negligible consequence in areas where soil mois- 
ture remains readily available on all parts of the 
watershed throughout the year. Other processes 
such as nutrient cycling, erosion rates, and rates of 
revegetation after disturbance must be considered 
in light of the soil moisture levels at the study site. 
Functional relationships existing at Coweeta may 
not apply to other areas where soil moisture rela- 
tionships differ significantly. (See also W89-01691) 
(Lantz-PTT) 

W89-01700 


FOREST ECOSYSTEM STABILITY: REVISION 
OF THE RESISTANCE-RESILIENCE MODEL 
IN RELATION TO OBSERVABLE MACRO- 
SCOPIC PROPERTIES OF ECOSYSTEMS, 
Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

J. B. Waide. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 





Field 2—WATER CYCLE 


Group 2A—General 


New York. 1988. p 383-405, 3 fig, 2 tab. 


Descriptors: *Forests, *Forest ecology, *Model 
studies, *Ecosystems, *Equilibrium, Theoretical 
analysis, Energy dissipation, Energy conversion, 
Degradation, Recycling. 


The organization and dynamics of an ecosystem 
depend on functional processes operating at the 
scale of observation. Factors which disrupt the 
space-time coupling of the ecosystem to a specific 
physicochemical environment decouple the proc- 
esses of energy dissipation and element cycling 
from the existing structure, and force the ecosys- 
tem into a new organization state. Viewed in terms 
of the inverse relation between mass and metabo- 
lism inherent in biological organization, the origi- 
nal concepts of resistance and resilience were rein- 
terpreted theoretically as scaling variables which 
reflect the space-time coupling of specific biotic 
assemblages to physicochemical environments. 
However, the concepts of resistance and resilience 
may be usefully applied to post-disturbance re- 
sponses of different local realizations of a given 
ecosystem type exhibiting comparable levels of 
structure and function at similar scales of space and 
time. In this restricted context, it is important to 
determine factors which prevent the ecosystem 
from assuming a new organizational state follow- 
ing disturbance (ecosystem resistance), and which 
regulate the rate of recovery to the undisturbed or 
nominal state (ecosystem resilience). These two 
components of ecosystem relative stability are re- 
lated to characteristics of biogeochemical element 
cycles, particularly the presence of large element 
storages both in abiotic pools and in living and 
slowly decaying organic pools (resistance) and the 
rate at which elements are mobilized and recycled 
by biota (resilience). The macroscopic approach 
adopted here clarifies much of the existing confu- 
sion concerning ecosystem stability, and partially 
resolves conflicting approaches to stability among 
population and ecosystem ecologists. Implicit in 
the present theoretical treatment of ecosystems is 
the concept of conditional stability, suggesting that 
undue emphasis has been placed on this topic in the 
past. However, the fact that conditional stability is 
a direct and necessary consequence of the theoreti- 
cal treatment of the ecosystem as a hierarchical 
biogeochemical system is not a trivial result. 
Rather, this theoretical approach provides the basis 
for going beyond past confusions and debates to 
address more useful questions in the future. (See 
also W89-01691) (Lantz-PTT) 

W89-01712 


EUROPEAN EXPERIENCES IN LONG-TERM 
FOREST HYDROLOGY RESEARCH, 

Swiss Forest Research Inst., Birmensdorf. 

H. M. Keller. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 407-414, 2 fig. 


Descriptors: *Europe, *Forest watersheds, *Forest 
hydrology, *Hydrologic studies, Streamflow, 
Long term planning, Research priorities. 


In the early days, only a few people were involved 
in the operations of watershed research. Today, 
with the increasing interest of ecologists in such 
studies a much larger group is involved. Some 
cooperative projects look interdisciplinary on 
paper; others list only one institute and one name. 
It is a common experience that successful coopera- 
tive research depends on: (1) the character of 
individual persons; (2) the number of persons in- 
volved in a project; (3) the continuity of the com- 
position of the group; and (4) moral support from 
administrators to engage in cooperative work. The 
influence of forest cover on streamflow was and 
still is a primary focal point of forest hydrology 
research in Europe. Increasing population size in 
many countries, greater need to use water for 
various purposes, the increasing pollution of rivers 
and lakes, and the need for improving the quality 
of the environment are all circumstances which in 
the 1960s created a need to incorporate water 
quality considerations into long-term forest hydrol- 
ogy projects. The following are studies and their 
Starting date currently ongoing in Europe: Swit- 
zerland: Alptal (SZ) 1968; Sweden: Kloten 1968; 


Great Britain: Plinlimon (Wales) 1971; FED. Rep. 
Germany: Krofdorf (Hessen) 1971, Grosse Ohe 
(Bavaria) 1978; Spain: 1,’AVIC (Barcelona) 1978; 
France: Mont Lozere (Toulouse) 1981; and Italy: 
Cordon (Veneto) 1984. These few are only exam- 
ples; there are many more operated by various 
agencies. Only the future, however, can tell which 
of these will be long-term study sites and which 
will be abandoned after only a few years of investi- 
gation. (See also W89-01691) (Lantz-PTT) 
W89-01713 


APPLIED HYDROGEOLOGY, 

Wisconsin Univ.-Oshkosh. 

C. W. Fetter. 

Merrill Publishing Co., Columbus, Ohio. 1988. 592 
p- 


Descriptors: *Geohydrology, *Groundwater 
movement, Hydrology, Evaporation, Precipita- 
tion, Groundwater recharge, Soil water, Wells, 
Groundwater management, Runoff, Streamflow, 
Groundwater pollution, Model studies. 


An introduction to geohydrology at either ad- 
vanced undergraduate or dual graduate/under- 
graduate levels is given, with emphasis on methods 
of site characterization, groundwater monitoring, 
contaminant hydrogeology, and computer model- 
ing. Application mathematics to problem solving 
rather than derivation of theory. To this end, there 
are many example problems with step-by-step solu- 
tions. Case studies in many chapters enhance un- 
derstanding of occurrence and movement of 
groundwater in a variety of geologic settings. 
Chapters discuss: evaporation and precipitation; 
runoff and streamflow; soil moisture and ground- 
water; principles of groundwater flow; groundwat- 
er flow to wells; regional groundwater flow; geol- 
ogy of groundwater occurrence; water chemistry; 
water quality and groundwater contamination; 
groundwater development and management; field 
methods; and groundwater models. (See also W89- 
01783) (Lantz-PTT) 

W89-01801 


PROCEEDINGS OF THE FOREST-ATMOS- 
PHERE INTERACTION WORKSHOP. 

For primary bibliographic entry see Field 5B. 
W89-01815 


TRACER METHODOLOGY IN HYDROLOGY, 
Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

E. Gaspar. 

IN: Modern Trends in Tracer Hydrology. Volume 
I. CRC Press, Inc., Boca Raton, FL. 1987. p 81- 
107, 7 fig. 


Descriptors: *Hydrologic studies, *Tracers, 
*Model studies, *Groundwater movement, *Geo- 
hydrology, Hydrology, Flow patterns, Aquifers, 
Hydrologic models, Hydraulic models, Mathemati- 
cal models. 


The use of tracer techniques in investigations of 
aquifer resources presupposes that tracers are in- 
troduced into the aqueous system and then identi- 
fied at points of interest and measured. A hydrolo- 
gical process is a concept of the way in which a 
hydrological phenomenon occurs; therefore, each 
hydrological phenomenon has a corresponding hy- 
drological process. Two processes- the determinis- 
tic and the nondeterministic - are considered 
major. The deterministic process of a phenomenon 
is an evolution that obeys the law according to 
which a given cause generates a particular effect 
rather than another. In the nondeterministic proc- 
ess the course of a phenomenon is seen as a conse- 
quence of a number of coincidences governed by 
the law of probability. To establish the component 
processes for a given phenomenon the physical 
mechanism governing it should be known. A 
model is a more or less simplified physical or 
mathematical representation of a process. Three 
types of models are generally used in hydrology: 
(1) the physical model; (2) the analogue model; and 
(3) the mathematical model. Hydrological models 
are used in tracer experiments to allow for a better 
understanding of phenomena, estimate hydrologi- 


cal parameters, compute the optimal tracer amount 
needed for the experiment and a sampling sched- 
ule, make prognostications concerning the behav- 
ior of the system, etc. The three major types of 
models can be used individually or, possibly, to- 
gether. There are situations when physical models 
prove satisfactory, but they are expensive and can 
model the phenomenon under study on a small 
space and time scale. Physical models, however, 
are used to improve mathematical models and pin- 
point the importance and size of certain factors, 
parameters, etc. involved in mathematical models. 
Analogue models have few applications at present. 
(See also W89-01981) (Lantz-PTT) 

W89-01984 


MONTE CARLO METHOD IN RADIOTRACER 
EXPERIMENTS, 

Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

M. Oncescu. 

IN: Modern Trends in Tracer Hydrology. Volume 
I. CRC Press, Inc., Boca Raton, FL. 1987. p 109- 
138, 11 fig, 6 tab, 21 ref. 


Descriptors: *Data interpretation, *Monte Carlo 
Method, ‘*Radioactive tracers, *Groundwater 
movement, Tracers, Computer models, Model 
studies, Flow profiles, Radioactivity, Hydrology. 


In radioactive tracer hydrology, two problems 
appear to be of major importance: (1) in the plan- 
ning of an experiment with radioactive tracer, the 
computation of the minimum necessary activity, 
lambda, of the tracer so that the resulting radioac- 
tive concentration, C, can be measured with the 
available detection assembly; and (2) the choice of 
the optimum detection assembly able to measure a 
radioactive concentration, C, natural or manmade. 
To solve these two problems, one must know the 
following two characteristics of a detection assem- 
bly related to the radioactive concentration: mini- 
mum detectable (observable) value, and resolution. 
In the definitions of these two quantities, there 
appear some aspects directly related to the oper- 
ation of a radiation detection assembly: the impor- 
tant role of the statistical fluctuations in the pulse 
formation, and the electronic instability during the 
radiation detection process. An application of ra- 
dioactive tracers was chosen that is often encoun- 
tered in practice: the monitoring of the motion of 
water in an aquifer through an underground cavity 
in a karst, or the passage of an undergraound water 
through a natural reservoir. In these situations it is 
necessary that monitored water be traced with a 
radionuclide. The monitoring of water through the 
cavity or through the reservoir is performed by 
measuring over time the concentration of the ra- 
dioactive tracer in the water. The measurement of 
radioactive concentration is done with a detector 
immersed in the volume of the extended radioac- 
tive source. In this discussion, the advantages of 
this measuring geometry is pointed out. For com- 
puter simulation by the Monte Carlo method of 
measuring radioactive concentration in the reser- 
voir, a cylindrical reservoir filled with water was 
modeled. (See also W89-01981) (Lantz-PTT) 
W89-01985 


SATELLITE REMOTE SENSING AND 
ENERGY BALANCE MODELLING FOR 
WATER BALANCE ASSESSMENT IN (SEMI-) 
ARID REGIONS, 

Vrije Univ., Amsterdam (Netherlands). Inst. voor 
Aardwetenschappen. 

For primary bibliographic entry see Field 7B. 
W89-02229 


BALSEQ - A MODEL FOR THE ESTIMATING 
OF WATER BALANCES, INCLUDING AQUI- 
FER RECHARGES, REQUIRING SCARCE HY- 
DROLOGIC DATA, 

Laboratorio Nacional de Engenharia Civil, Lisbon 
(Portugal). 

For primary bibliographic entry see Field 2F. 
W89-02242 








2B. Precipitation 


MODELLING PRECIPITATION IN A COLD 
FRONTAL RAINBAND, 

Meteorological Office, Bracknell (England). 

G. P. Fox. 

Meteorological Magazine MTMGAS, Vol. 117, 
No. 1392, p 224-228, July 1988. 4 fig, 5 ref. 


Descriptors: *Model studies, *Precipitation, *Rain- 
fall, Frontal rainbands, Mathematical models. 


The simulation of the narrow cold frontal rainband 
using the full (mixed-phase) parametrization gave 
results comparable with field observations. How- 
ever, the warm microphysics parametrizations 
gave less realistic distributions of surface precipita- 
tion and precipitation coucentration aloft. Since 
melting and loading effects may provide important 
feedbacks to the dynamics locally, a highly para- 
metrized warm scheme is likely to be inadequate 
for dynamical models of high resolution. In corre- 
sponding results for a weak warm frontal rainband 
similar conclusions were drawn. In addition, the 
warm microphysical parametrization did not repre- 
sent the distribution of latent heat transfer well, 
particularly at levels where particle melting oc- 
curred using the ice phase parametrization. (Sand- 


PTT) 
W89-01344 


OBJECTIVE RAINFALL EVALUATION IN 
RADAR HYDROLOGY, 

INTERA Technologies Ltd., Calgary (Alberta). 
For primary bibliographic entry see Field 7C. 
W89-01368 


PRECIPITATION DEVELOPMENT IN NATU- 
RAL AND SEEDED CUMULUS CLOUDS IN 
SOUTHERN AFRICA, 

Toronto Univ. (Ontario). Dept. of Physics. 

For primary bibliographic entry see Field 3B. 
W89-01375 


FOG EFFECT OF THE GREAT SALT LAKE, 
Utah Water Research Lab., Logan. 

G. E. Hill. 

Journal of Applied Meteorology JAMOAX, Vol. 
27, No. 6, p 778-783, June 1988. 10 fig, 4 ref. 


Descriptors: *Fog, *Great Salt Lake, *Lake evap- 
oration, Saline lakes, Temperature effects, Weather 
data collections, Seasonal distribution. 


The effect of the Great Salt Lake in the frequency 
and geographical extent of wintertime fog is ana- 
lyzed by use of fog reports, precipitation, and 
temperature records over a 25-yr period, during 
which time the size of the lake has more than 
doubled. Fog reports at Salt Lake City on days 
when precipitation other than snow grains did not 
occur are analyzed to find a relationship between 
lake size and fog frequency. While a large winter- 
to-winter variability is found, there is also a strong 
relationship with lake size. To analyze the geo- 
graphical effect of the lake on fog, the daily range 
of temperature is first related to the occurrence of 
persistent fog; it is shown that when fog is present 
throughout a day the difference between the maxi- 
mum and minimum temperature will be low. Anal- 
ysis of the geographical distribution of these per- 
sistent fog days shows the strong effect of the lake. 
Also, the occurrence of persistent fog was much 
less when the lake was small compared to when 
the lake was large. (Author’s abstract) 

W89-01376 


CLOUD DROPLETS: SOLUTE CONCENTRA- 
TION IS SIZE DEPENDENT, 

Washington Univ., Seattle. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 7B. 
W89-01436 


METHODS FOR ESTIMATION OF NATURAL 
GROUNDWATER RECHARGE DIRECTLY 


FROM PRECIPITATION - 
STUDIES IN SANDY TILL, 
Royal Inst. of Tech., Stockholm (Sweden). Institu- 
tionen foer Kulturteknik. 

For primary bibliographic entry see Field 2F. 
W89-02238 


COMPARATIVE 


RAINFALL - RUNOFF - RECHARGE RELA- 
TIONSHIPS IN THE BASEMENT ROCKS OF 
ZIMBABWE, 

Hydrotechnica, Shrewsbury (England). 

J. Houston. 

IN: Estimation of Natural Groundwater Recharge. 
Mathematical and Physical Sciences Vol. 222. D. 
Reidel Publishing Co., Boston, Massachusetts. 
1988. p 349-365, 11 fig, 3 tab, 13 ref. 


Descriptors: *Groundwater recharge, *Zimbabwe, 
*Recharge,  *Surface-groundwater _ relations, 
*Rainfall-runoff relationships, Aquifers, Base flow, 
Chemical analysis, Rainfall, Runoff, Simulation 
analysis, Model studies. 


The resources of Basement aquifers in Victoria 
Province, Zimbabwe are largely dependent on 
rainfall recharge but no direct evidence for re- 
charge in the form of borehole hydrographs is 
available. Estimates of recharge have been made 
by three methods: river baseflow analysis; hydro- 
chemical analysis of groundwaters and simulation 
modelling. All three methods produce consistent 
results, suggesting that recharge amounts to be- 
tween 2-5% of annual rainfall. Under such circum- 
stances, which are widespread in Africa, it is essen- 
tial to make resource estimates based on many 
years of data, otherwise over or under estimates 
are likely because of the considerable annual varia- 
tion in rainfall. (See also W89-02223) (Author’s 
abstract) 

W89-02245 


SIMPLE ANALYTICAL METHODS FOR ESTI- 
MATING SHORT-TERM RAINFALL, 

Army Topographic Command, Washington, DC. 
R. L. Wexler. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as AD-A183 812. 
Price codes: A04 in paper copy, AOI in microfiche. 
Engineer Topographic Laboratory Report No. 
ETL-0441, November 1986. 55p, 5 fig, 8 tab, 15 
ref, 3 append. 


Descriptors: *Rainfall forecasting, *Rainfall esti- 
mation, *Rainfall, *Model studies, Temperature, 
Rainfall distribution, Rainfall intensity, Estimating. 


Annual hourly rainfall may be estimated at times as 
a function of mean annual temperature. Instantane- 
ous rainfall is limited in this study to one-hour 
storms or rainy periods within storms. Two rainfall 
models are provided. The first, general model, is 
based mainly on a particular skew distribution that 
was found previously to represent rainfall under 
very diverse conditions. This model recovers a 
considerable range of information for almost any 
rainfall occurrence. The second, or explicit, model 
is specific for a given average rain rate. The latter 
model may be utilized for situations not covered 
by the general model or as an alternate method. In 
contrast to certain of the earlier techniques, these 
models: (a) depend on viable rainfall mass distribu- 
tion for the situation at hand; and (b) determine 
short-term rainfall, first with respect to the percent 
frequency of the total duration of the rain and with 
respect to real time. The results yield reasonably 
accurate short-term rain rates for nearly 98% of 
the rain period. Either model readily determines 
the percent of time the average rain rate of any 
selected rain rate is equalled or exceeded. Of sig- 
nificance is the fact that the mean daily, hourly, or 
instantaneous rain intensity for any duration tends 
to be greatly exceeded for at least 5% of the time. 
The graphs and computer programs given not only 
facilitate the rapid estimation of short-term rainfall 
for almost any situation, but also serve to improve 
understanding of short-term rainfall spectra. 
(Lantz-PTT) 

W89-02261 


WATER CYCLE—Field 2 
Streamflow and Runoff—Group 2E 
2C. Snow, Ice, and Frost 


MODEL FOR INFILTRATION IN FROZEN 
SOILS THAT ACCOUNTS FOR WATER QUAL- 
ITY (UN MODELE POUR L’INFILTRATION 
DANS LES SOLS GELES TENANT COMPTE 
DE LA QUALITE DE L’EAU), 

Institut National de la Recherche Scientifique, 
Sainte-Foy (Quebec). Centre de l’Energie. 

For primary bibliographic entry see Field 2G. 
W89-01339 


LOSS OF HALIDE AND SULPHATE IONS 
FROM MELTING ICE, 

University of East Anglia, Norwich (England). 
School of Environmental Sciences. 

For primary bibliographic entry see Field 5B. 
W89-01447 


TRACKING TWO-DIMENSIONAL FREEZING 
FRONT MOVEMENT USING THE COMPLEX 
VARIABLE BOUNDARY ELEMENT METHOD, 
Williamson and Schmid, Irvine, CA. 

For primary bibliographic entry see Field 2G. 
W89-02266 


2D. Evaporation and Transpiration 


FOG EFFECT OF THE GREAT SALT LAKE, 
Utah Water Research Lab., Logan. 

For primary bibliographic entry see Field 2B. 
W89-01376 


EVAPORATION IN ARID AND SEMI-ARID 
REGIONS, 

Agricultural Univ., Wageningen (Netherlands). 
Dept. of Physics and Meteorology. 

H. A. R. de Bruin. 

IN: Estimation of Natural Groundwater Recharge. 
Mathematical and Physical Sciences Vol. 222. D. 
Reidel Publishing Co., Boston, Massachusetts. 
1988. p 73-88, 4 fig, 34 ref, append. 


Descriptors: *Evaporation, *Arid lands, *Semiarid 
lands, Meteorology, Precipitation, Model studies, 
Remote sensing. 


Meteorological aspects of evaporation in arid and 
semi-arid regions are surveyed, including: rough- 
ness length and zero plane displacement, stability 
effects, net radiation, and advection. The main 
features of existing routine methods are discussed. 
It is pointed out that most models for evaporation 
are developed for temperate crops. The main dif- 
ferences between temperate and (semi-)arid regions 
are related to the differing quantities of precipita- 
tion. Special attention is paid to the use of remote 
sensing techniques, for the determination of evapo- 
ration. (See also W89-02223) (Lantz-PTT) 
W89-02228 


2E. Streamflow and Runoff 


ANTARCTIC STREAM ECOSYSTEMS: VARIA- 
BILITY IN ENVIRONMENTAL PROPERTIES 
AND ALGAL COMMUNITY STRU 

Department of Scientific and Industrial Research, 
Taupo (New Zealand). Taupo Research Lab. 

For primary bibliographic entry see Field 2H. 
W89-01274 


MULTITABLE ANALYSES IN FACTORIAL 
ECOLOGY: II. LONGITUDINAL STRATIFICA- 
TION OF THE ARDECHE, BEGINNING WITH 
PHYSICO-CHEMICAL DESCRIPTORS (LES 
ANALYSES MULTITABLEAUX EN ECOLOGIE 
FACTORIELLE: II. STRATIFICATION LONGI- 
TUDINALE DE L’ARDECHE A PARTIR DE 
DESCRIPTEURS PHYSICO-CHEMIQUES), 
Lyon-1 Univ., Villeurbanne (France). 

For primary bibliographic entry see Field 2H. 
W89-01293 





Field 2—WATER CYCLE 


Group 2E—Streamflow and Runoff 


FLOOD INDICES IN FINNISH RIVERS 
(SUOMEN JOKIEN TULVAINDEKSIT), 

Turku Univ. (Finland). Institutum Geographicum. 
H. Mansikkaniemi. 

Terra, Vol. 98, No. 2, p 126-137, 1986. 5 fig, 3 tab, 
11 ref. English summary. 


Descriptors: *Floods, *Flood discharge, *Flood 
data, Rivers, Catchment areas, Finland, Rainfall- 
runoff relationships. 


Indices were develoned which describe the severi- 
ty of floods in Finnish rivers. By means of a 
general flood index, GFL, and maximum flood 
index the discharge in the rivers during the floods 
is compared with the median of monthly dis- 
charge. The Finnish rivers studied have a catch- 
ment area of at least 600 sq km. Discharge data 
should also be available from these rivers during 
the 20-year period 1961-1980. The following rivers 
of the 36 studied had the most violent floods: 
Aurajoki, Kuivajoki and Simojoki, where GFL is 
20-25. The smallest floods appeared in Vuoksi, 
Kymijoki, Oulujoki and Paatsjoki, where GFL is 2 
or below. The proportion of lake area and the size 
of the drainage area explains 55 % of the variation 
in flood index in Finland. This work also shows 
that the famous floods in southern Ostrobothnia 
are mainly caused by topographical and morpho- 
logical features and not by exceptionally large 
water masses. (Author’s abstract) 

W89-01311 


HYDROLOGIC INFLUENCES ON LEAF DE- 
COMPOSITION IN A CHANNEL AND ADJA- 
CENT BANK OF A GALLERY FOREST 
STREAM, 

Kansas State Univ., Manhattan. Dept. of Systemat- 
ics and Ecology. 

For primary bibliographic entry see Field 2H. 
W89-01331 


USE OF PLASTIC STRIPS TO MEASURE 
LEAF RETENTION BY RIPARIAN VEGETA- 
TION IN A COASTAL OREGON STREAM, 
Oregon State Univ., Corvallis. Dept. of Fisheries 
and Wildlife. 

For primary bibliographic entry see Field 7B. 
W89-01332 


MICROHABITAT USE BY THE BIGMOUTH 
CHUB NOCOMIS PLATYRHYNCHUS IN THE 
NEW RIVER, WEST VIRGINIA, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Fisheries and Wildlife Sciences. 
For primary bibliographic entry see Field 2H. 
W89-01333 


RIVER-BEND CURVATURE AND 
TION: HOW ARE THEY RELATED, 
Florida State Univ., Tallahassee. Dept. of Geolo- 


MIGRA- 


gy. 
For primary bibliographic entry see Field 2J. 
W89-01336 


CISTERNS FOR WATER CONSERVATION 
AND FLOOD CONTROL, 

French (R.H.), Las Vegas, NV. 

For primary bibliographic entry see Field 4A. 
W89-01370 


ASSESSING THE RISK OF VIOLATING 
STREAM WATER QUALITY STANDARDS, 
Wyoming Univ., Laramie. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 5G. 
W89-01373 


FACTORS CONTROLLING THE SECONDARY 
PRODUCTIVITY OF BENTHIC MACROIN- 
VERTEBRATES IN FRESHWATERS: A 
REVIEW, (IN JAPANESE), 

National Inst. for Environmental Studies, Ibaraki 
(Japan). Environmental Biology Div. 

For primary bibliographic entry see Field 2H. 
W89-01382 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART I, 
K. Bedford, A. Findikakis, B. E. Larock, W. Rodi, 
and R. L. Street. 

Journal of Hydraulic Engineering (ASCE) 
JHEND8, Vol. 114, No. 9, p 970-991, September 
1988. 1 fig, 1 tab, append. 


Descriptors: *Turbulent flow, *Model studies, 
*Surface water, *Hydraulic models, Flow, Lakes, 
Mathematical analysis, Mathematical models, 
Mathematical equations, Mixing, Water currents, 
Eddies, Viscosity, [nysical properties, Rheology, 
Stratification. 


The structure of turbulence models, their use in 
various classes of surface water models, the consid- 
erations required inselecting or building a turbu- 
lence model-based code, and an evaluation of the 
impact of such models on surface water modeling 
are documented. Surface water models are consid- 
ered with both hydraulic engineering and environ- 
mental hydraulics applications in mind, and the 
general model equations for free surface flow and 
transport are stated for the case of two-dimensional 
vertically averaged and two-dimensional areally 
averaged situations as well as the general three- 
dimensional case. Terms requiring closure are de- 
fined and the basic eddy viscosity and diffusivity 
concept is presented. The various classes of turbu- 
lence models are defined and a very brief discus- 
sion of constant and mixing length dependent vis- 
cosity ensues. The paper concludes with a presen- 
tation of the one-equation and general two-equa- 
tion k-epsilon turbulence model for multidimen- 
sional flows. The constants used in the two-equa- 
tion model are summarized and their universality is 
discussed. (See W89-01413 thru W89-01416) (Au- 
thor’s abstract) 

W89-01412 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART II, 
K. Bedford, A. Findikakis, B. E. Larock, W. Rodi, 
and R. L. Street. 

Journal of Hydraulic Engineering (ASCE) 
JHENDS, Vol. 114, No. 9, p 992- 1014, September 
1988. 3 fig, 2 tab. 


Descriptors: *Turbulent flow, *Model studies, 
*Surface water, *Boundary conditions, *Hydraulic 
models, Flow, Mathematical analysis, Mathemati- 
cal models, Mathematical equations, Boundaries, 
Stress, Rheology, Heat flow, Case studies, Power- 
plants, Nuclear powerplants, Topography. 


The two-equation turbulence model for two-di- 
mensional vertically integrated models is discussed. 
Special attention is placed upon the proper inclu- 
sion of bottom generated turbulence in the formu- 
lation. An extensive discussion of turbulent stress/ 
flux equations ensues. The Reynolds stress equa- 
tion is presented as is a detailed discussion of the 
method for including the effects of pressure on the 
calculation. Incorporation of wall effects on the 
pressure/stress calculation is performed by a 
damping function. A discussion of turbulent scalar 
flux and variance equation is presented, and pres- 
sure and wall effects are again considered. Simplifi- 
cation via algebraic representation of the stress/ 
flux equation is discussed. A particular difficulty in 
the use of such stress/flux models is the nonavaila- 
bility of boundary data for the various terms. Vari- 
ous types of boundary condition treatments are 
summarized including wall and free surface varie- 
ties. The paper concludes with the first of three 
case studies; this one being a heated effluent dis- 
charge model of the Bruce A and B nuclear power 
plants on Lake Huron. Built by G. Raithby, the 
model is a full 3D formulation with a kappa- 
epsilon model. (See also W89-01414 thru W89- 
01416 andu W89-01412) (Author’s abstract) 
W89-01413 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART III, 
K. Bedford, A. Findikakis, B. E. Larock, W. Rodi, 
and R. L. Street. 

Journal of Hydraulic Engineering (ASCE) 
JHENDS, Vol. 114, No. 9, p 1015- 1033, Septem- 
ber 1988. 10 fig, 2 tab, append. 


Descriptors: *Turbulent flow, *Model studies, 
*Surface water, *Path of pollutants, *Solute trans- 
port, *Hydraulic models, Flow, Mathematical 
analysis, Mathematical models, Mathematical equa- 
tions, Case studies, Mixing, Powerplants, Coolin 
water, Boundary conditions, Estuaries, Tidal ef- 
fects, Wind, Salinity, Chemical properties. 


Two case studies demonstrate the use of turbu- 
lence models in surface water flow computations. 
The first case study is by W. Rodi and co-workers 
and summarizes calculations of heated effluent dis- 
posal into the Rhine River. A model chain concept 
is defined for the calculation. The distinctions be- 
tween the chains are based upon the strength of 
recirculation in the hot zone and the upstream 
propagation of pressure effects. Comparisons with 
data reveal that the strong three-dimensional ef- 
fects for submerged jets required the full 3D model 
but that surface jets were adequately modeled by 
the 2D formulation. The second case study in this 
paper documents the prediction of flow and salt 
transport in the Hudson/Raritan River Estuary. A 
three-dimensional formulation is used, but horizon- 
tal diffusion has been neglected as the grid was 
assumed fine enough to resolve its effects. The 
level 2.5 turbulence closure developed by Mellor 
and Yamada is used and is based upon a turbulence 
length scale as opposed to dissipation. An exten- 
sive series of calculations for the Hudson River 
estuary region is presented. (See also W89-01412, 
W89-01413 and W89-01415 thru W89-01416) (Au- 
thor’s abstract) 

W89-01414 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART V, 
K. Bedford, A. Findikakis, B. E. Larock, W. Rodi, 
and R. L. Street. 

Journal of Hydraulic Engineering (ASCE) 
JHEND8, Vol. 114, No. 9, p 1052- 1073, Septem- 
ber 1988. 1 tab, 226 ref, append. 


Descriptors: *Turbulent flow, *Model studies, 
*Surface water, *Hydraulic models, Hydraulics, 
Reviews, Literature review. 


The status of turbulence model-based surface 
water models was evaluated. Two classes of 
models are evaluated: hydraulic engineering and 
environmental hydraulics. A table lists the eight 
major categories of problems. Also listed are cita- 
tions for the types of turbulence models used in 
recent solutions to these problems. From this sum- 
mary table, a number of subjective impressions are 
discussed. In general, almost all the relevant prob- 
lem classes have been performed with some form 
of advanced turbulence model; however, the hy- 
draulic engineering subclass is the most frequently 
performed. As positive as this impact is, it has not 
been the case that practitioners have adopted tur- 
bulence models to any great degree. The reason 
for this skepticism is the lack of objective methods 
of performance evaluation and the lack of any data 
taken with sufficient precision to establish the 
credibility of one turbulence model formulation 
over another. Creation of a library of high quality 
data for flow of relevance to hydraulic engineers is 
suggested. (See W89-01412 thru W89-01415) (Au- 
thor’s abstract) 

W89-01416 


COMPREHENSIVE METHOD OF CHARAC- 
TERISTICS MODELS FOR FLOW SIMULA- 
TION, 

Geological Survey, Reston, VA. 

C. Lai. 

Journal of Hydraulic Engineering (ASCE) 
JHEND8, Vol. 114, No. 9, p 1074-1097, September 
1988. 10 fig, 24 ref, 3 append. 


Descriptors: *Model studies, *Simulation, *Open- 
channel flow, Numerical analysis, Field tests, 
Model testing, Stability analysis. 


The use of the specified time interval (STI) numer- 
ical schemes has been popular in applying the 
method of characteristics (MOC) to unsteady 
open-channel flow problems. Studies and analyses 
of several variants of the STI schemes have led to 





the derivation of a new scheme, referred to herein 
as the multimode scheme, which combines implic- 
it, temporal reachback, spatial reachback, and clas- 
sical schemes into one. Three numerical models 
have been developed to implement the implicit and 
multimode schemes. The IMOCDS model uses an 
implicit scheme, with which the time step is no 
longer subject to the Courant constraint. The re- 
maining two models, NEWMOC and SPRMOC, 
are two versions of the multimode scheme. The 
NEWMOC and SPRMOC models demonstrate all 
the advantages previously provided by individual 
STI schemes, cover the combined flow range of 
the various schemes involved, and, in addition, 
display newly-acquired benefits such as robustness. 
Numerical analyses, numerical experiments, and 
field applications that verify, support, and demon- 
strate the enhanced model capabilities are present- 
ed. (Author’s abstract) 

W89-01417 


SEDIMENT-WATER OXYGEN AND NUTRI- 
ENT FLUXES IN A RIVER-DOMINATED ES- 
TUARY, 

Louisiana State Univ., Baton Rouge. Coastal Ecol- 
ogy Lab. 

For —— bibliographic entry see Field 2L. 
W89-01422 


ESTIMATING THE NET FLUX OF NUTRI- 
ENTS BETWEEN A SALT MARSH AND A 
TIDAL CREEK, 

South Carolina Univ., Columbia. Dept. of Statis- 
tics. 

For primary bibliographic entry see Field 2L. 
W89-01423 


STUDY ON POLYCHLORINATED DIBENZO- 
P-DIOXINS AND DIBENZOFURANS _ IN 
RIVERS AND ESTUARIES IN OSAKA BAY IN 
JAPAN. 

Setsunan Univ., Neyagawa (Japan). Faculty of 
Pharamaceutical Sciences. 


For primary bibliographic entry see Field 5B. 
-01440 


EFFECT OF PROLONGED EXPOSURE TO 
ACETYLENE ON DENITRIFICATION IN A 
— STREAM SEDIMENT 
Oxford Univ. (England). Dept. of Plant Sciences. 
For primary bibliographic entry see Field 7B. 
W89-01446 


IN-STREAM NITRIFICATION RATE PREDIC- 
TION, 

Texas Univ. at Dallas, Richardson. Graduate Pro- 
gram in Environmental Sciences. 

For primary bibliographic entry see Field 5B. 
W89-01450 


CLIMATOLOGY AND HYDROLOGY, 
Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

For primary bibliographic entry see Field 2A. 
W89-01694 


STREAMFLOW GENERATION BY VARIABLE 
SOURCE AREA, 

Rocky Mountain Forest and Range Experiment 
Station, Tempe, AZ. Forestry Sciences Lab. 

A. R. Hibbert, and C. A. Troendle. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 111-127, 14 fig, 2 tab. 


Descriptors: *Streamflow, *Model studies, *Math- 
ematical studies, *Rainfall-runoff relationships, 
*Forest hydrology, Hydrographs, Rainfall, Over- 
land flow, Slopes, Channel flow, Computer 
models. 


Much of the early work that shaped current con- 
cepts of streamflow generation on forest lands was 
done at the Coweeta Hydrologic Laboratory. In 
1941, the sources of storm flow on Coweeta Wa- 


tershed 13 (WS 13), a 16-ha catchment covered by 
mixed hardwoods was systematically analyzed. 
Streamflow was perennial, with annual yields simi- 
lar to larger basins in the region. Characteristic 
flood hydrographs were produced by heavy rains, 
even though no overland flow was observed. Two 
types of storm flow hydrographs were analyzed. 
The first was produced by a short, intense rainfall 
of 18 mm in 25 min. Storm flow response was 
1.1% of rainfall; all of it passed the gaging station 
within 2 hr of rainfall. This response was primarily 
attributed to channel precipitation, rain falling di- 
rectly on the channel surface, which measured 
1.2% of the total catchment area. The second type 
of hydrograph was from a much larger storm (164 
mm in 24 hr). Total storm runoff within 24 hr of 
rainfall cessation was 14%, even though anteced- 
ent flow rate was below the watershed average, a 
condition that would suggest a lower-than-average 
response. Again, 1% or more of rainfall was inter- 
cepted by the channel, but in this case the bulk of 
the runoff was attributed to subsurface storm flow, 
since no overland flow was observed. Further 
definition of slope processes, hillslope studies, and 
watershed processes are discussed to determine a 
variable source area model. The domain of the 
model is intended to be the first- to second-order 
forest or wildland catchment. It should include any 
vegetated catchment outside desert areas, with pe- 
rennial flow. A first-generation computer program 
was developed and tested on the Fernow Experi- 
mental Forest in West Virginia. Simulations of 
individual storm hydrographs from the 95-acre for- 
ested watershed were quite good. The second- 
generation model appeared to work reasonably 
well. Both studies noted that modeling the variable 
source area is far from complete. (See also W89- 
01691) (Lantz-PTT) 

W89-01699 


TROPHIC SIGNIFICANCE OF DISSOLVED 
ORGANIC CARBON IN STREAMS, 

Georgia Univ., Athens. Dept. of Botany. 

J. L. Meyer, C. M. Tate, R. T. Edwards, and M. T. 
Crocker. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 269-278, 5 fig. 


Descriptors: *Organic matter, *Organic carbon, 
*Forest ecology, *Coweeta, *North Carolina, Par- 
ticulate matter, Forest watersheds, Stream chan- 
nels, Cycling nutrients. 


The dissolved organic carbon (DOC) concentra- 
tion of Coweeta streamwater is relatively low (< 
1.5 mg C/L during baseflow), and is similar to the 
concentration of particulate organic matter in 
streamwater at baseflow. DOC export/sq m of 
undisturbed stream channel (137 to 145 g C/sq m) 
is slightly less than leaf litter inputs to Coweeta 
streams. About 15 kg C/ha (watershed area) is low 
annually from undisturbed Coweeta watersheds as 
DOC. Hence, DOC export is an important compo- 
nent of organic carbon export from forested water- 
sheds at Coweeta as well as in other regions of the 
country. The DOC lost from terrestrial ecosystems 
enters streams. The fate of this DOC, its uptake, 
and its role in the food web of the stream was 
examined, and DOC sources (leaching of organic 
matter), particularly those within the stream chan- 
nel, are discussed. Also examined is the manner in 
which streamwater DOC concentration changes as 
watersheds recover from a disturbance. (See also 
W89-01691) (Lantz-PTT) 

W89-01704 


CRITIQUE OF THE INSTREAM FLOW IN- 
CREMENTAL METHODOLOGY AND OBSER- 
VATIONS ON FLOW DETERMINATION IN 
NEW ZEALAND, 

Otago Univ., Dunedin (New Zealand). Dept. of 
Zoology. 

For primary bibliographic entry see Field 7C. 
W89-01738 


CONSIDERATIONS IN ASSESSING FLUSH- 
ING FLOW NEEDS IN REGULATED STREAM 
SYSTEMS, 

Bechtel, Inc., San Francisco, CA. 


WATER CYCLE—Field 2 
Streamflow and Runoff—Group 2E 


D. W. Reiser, M. P. Ramey, and T. R. Lambert. 
IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 45-57, 2 fig, 2 
tab, 41 ref. 


Descriptors: *Flushing, *Flow profiles, *Regulat- 
ed flow, *Streamflow, Standards, Ecological ef- 
fects, Ecology. 


Until standard methods are developed for assessing 
flushing flows, evaluations need to use an approach 
tailored to the specific needs and characteristics of 
each stream and project. This may dictate the use 
of several different office techniques to derive an 
initial flow estimate, followed by detailed field 
studies to refine the recommendations. For 
projects in the planning stage, an office approach 
may be all that is needed; implementation studies 
should include detailed field investigations. Rec- 
ommended guidelines for conducting flow studies 
include: (1) The utilization of an interdisciplinary 
team approach; (2) An initial determination of the 
actual need for the flushing flow should precede 
detailed assessments; (3) The assessment approach 
used should be tailored to the specific needs and 
characteristics of each stream and project; office 
and field techniques may both be required; (4) For 
comparison purposes, more than one method 
should be used for deriving flow recommenda- 
tions; (5) A determination of the timing and re- 
quired duration of the flow should be included as 
part of the assessment process; (6) Flushing flow 
recommendations should be stated in terms of mag- 
nitude, timing and duration; and (7) Follow-up 
studies should be conducted to evaluate the effec- 
tiveness of the flows and allow for necessary ad- 
justments. (See also W89-01736) (Lantz-PTT) 
W89-01739 


ASSESSMENT OF FLUSHING FLOW RECOM- 
MENDATIONS IN A STEEP, ROUGH, REGU- 
LATED TRIBUTARY, 

Wyoming Water Research Center, Laramie. 

T. A. Wesche, V. R. Hasfurther, W. A. Hubert, 
and Q. D. Skinner. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 59-69, 5 fig | 
tab, 15 ref. 


Descriptors: *Flushing, *Streamflow, *Flow regu- 
lation, *Water quality, *Ecological effects, Sedi- 
ment load, Runoff, Little Snake River, Mathemati- 
cal studies. 


Alteration of stream flow regime and sediment 
loading from water development activities can 
result in both short- and long-term changes in 
channel morphology and conveyance capacity. 
Subsequently, the condition of the aquatic habitat 
can be affected. Three spring runoff flushes meet- 
ing or — the magnitude and duration of the 
recommended flushing flow for the studied section 
of the North Fork of the Little Snake River were 
somewhat successful in reducing the quantity of 
deposited material. Flushing was more effective in 
steeper gradient reaches, while results regarding 
duration of the individual flushes are at present 
inconclusive. As indicated by the Fredle Index, 
quality of the deposited material was very low 
throughout the study area. Quality of deposited 
material showed an improving trend in response to 
the runoff hydrograph within the study reaches 
having the largest quantities of deposition. (See 
also W89-01736) (Lantz-PTT) 

W89-01740 


SIMULATING TROUT FEEDING STATIONS 
IN INSTREAM FLOW MODELS, 

Washington State Dept. of Game, Olympia. 

For primary bibliographic entry see Field 2H. 
W89-01741 


EFFECTS OF VARYING FLOWS IN MAN- 
MADE STREAMS ON RAINBOW TROUT 
(SALMO GAIRDNERI RICHARDSON) FRY, 
Otago Univ., Dunedin (New Zealand). Dept. of 
Zoology. 

For primary bibliographic entry see Field 2H. 
W89-01742 
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DEVELOPMENT AND APPLICATIONS OF 
MACROINVERTEBRATE INSTREAM FLOW 
MODELS FOR REGULATED FLOW MANAGE- 
MENT, 

Tulsa Univ., OK. Faculty of Biological Science. 
For primary bibliographic entry see Field 4A. 
W89-01743 


STONEFLIES AND RIVER REGULATION - A 
REVIEW, 

Oslo Univ. (Norway). Zoological Museum. 

For primary bibliographic entry see Field 2H. 
W89-01744 


HYDROPOWER DEVELOPMENT OF 
SALMON RIVERS: EFFECT OF CHANGES IN 
WATER TEMPERATURE ON GROWTH OF 
BROWN TROUT (SALMO TRUTTA) PRES- 
MOLTS, 

Direktoratet for Vilt og Ferskvannsfisk, Trond- 
heim (Norway). 

For primary bibliographic entry see Field 6G. 
W89-01749 


PREDICTING THE EFFECTS OF A POSSIBLE 
TEMPERATURE INCREASE DUE TO 
STREAM REGULATION ON THE EGGS OF 
WHITEFISH (COREGONUS LAV ARETUS) - A 
LABORATORY APPROACH, 

Oslo Univ. (Norway). Zoological Museum. 

For primary bibliographic entry see Field 5C. 
W89-01750 


NATURAL SILTATION OF BROWN TROUT 
(SALMO TRUTTA L.) SPAWNING GRAVELS 
DURING LOW-FLOW CONDITIONS, 
Freshwater Biological Association, 
(England). 

For primary bibliographic entry see Field 2J. 
W89-01751 


Ambleside 


SUSPENDED SOLIDS TRANSPORT WITHIN 
REGULATED RIVERS EXPERIENCING PERI- 
ODIC RESERVOIR RELEASES, 

Loughborough Univ. of Technology (England). 
Dept. of Geography. 

For primary bibliographic entry see Field 2J. 
W89-01752 


TIME-SCALES FOR ECOLOGICAL CHANGE 
IN REGULATED RIVERS, 

Loughborough Univ. of Technology (England). 
Dept. of Geography. 

G. E. Petts. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 257-266, 4 fig, 3 
tab, 15 ref. 


Descriptors: *Ecological effects, *Classification, 
*Regulated flow, *Rivers, Streamflow, Model 
studies, Spatial variation, Flow profiles, Ecosys- 
tems. 


A Transient System Model is described, which 
uses a hierarchical system structure and location- 
for-time substitution, to provide a framework for 
the consideration of spatial patterns of change 
along regulated rivers within an appropriate time- 
scale. River channel compartments, defined by a 
particular combination of micro-habitats, repre- 
sents a temporal sequence of system states. Within 
two British rivers, three compartments have been 
identified: adjusted, changing and stable. The latter 
two compartments, representing transient system 
states, have been identified within both rivers using 
physical and biological criteria. Stable compart- 
ments typically have a higher invertebrate density 
than the other compartments. The changing com- 
partments of both rivers have been divided into 
sites of gravel-bed sedimentation and aggrading 
sites dominated by fine minerogenic and organic 
sediments. Some components of the river system 
will respond to flow regulation more readily than 
others, and some locations will readjust at a faster 
rate. In changing fluvial systems the continua de- 
scribing downstream variations of individual pa- 
rameters are characterized by discontinuities asso- 


ciated, not least, with tributary confluences. Con- 
sequently, the downstream pattern of change can 
relate to the structure of the drainage network. 
The conceptual model presented demonstrates that 
at any point in time, different parts of the regulated 
river can be in different phases of readjustment and 
that at a single location the biotic communities 
may experience a complex sequence of changes 
during the readjustment period. For the regulated 
coarse-gravel-bed rivers of Britain, a time-scale 
measured in tens of years is required for the assess- 
ment of third-order ecological change. (See also 
W89-01736) (Lantz-PTT) 

W89-01753 


TOWARDS A RATIONAL ASSESSMENT OF 
RESIDUAL FLOWS BELOW RESERVOIRS, 
Institute of Hydrology, Wallingford (England). 

A. Gustard, and G. A. Cole. 

IN: Regulated Streams: Advances in Ecology. 
—_— Press, New York, 1987. p 267-275, 7 fig, 8 
ref.. 


Descriptors: *Rivers, *Streamflow, *Regulated 
flow, *Reservoirs, Seasonal variation, Ecological 
effects, Hydrology. 


Flow changes are an inevitable result of the pri- 
mary function of a reservoir; to store water in 
periods of surplus and release to the consumer or 
river in times of deficiency. Many compensation 
flows were awarded at a time when there was little 
understanding of differences in catchment hydrolo- 
gy, and most occurred at a time when there was no 
knowledge of the impact of impoundments on 
downstream fauna and flora. This would suggest 
that a review of current releases below reservoirs 
is warranted. Pressures to increase downstream 
flows would in the long term have to be met by 
additional water resource schemes where environ- 
mental disbenefits may far outweight the advan- 
tages of changing the flow pattern of an already 
regulated stream. The historical development of 
setting residual flows has resulted in many reser- 
voirs providing releases determined by industrial 
and political constraints which no longer apply. 
The average of these statutory minimum dis- 
charges is close to the natural low flow but there 
are wide departures from this trend. Any reassess- 
ment of residual flows could initially focus on 
these anomalous sites. Although the yield and stor- 
age capacities of existing reservoirs will provide a 
major constraint on the freedom to manipulate 
downstream flows, the water resource engineer 
will be looking for guidance from the freshwater 
biologist particularly for setting the seasonal varia- 
bility of low flows. It will then be necessary to 
compare any change in reservoir yield with ex- 
pected improvements or degradation of down- 
stream ecology. (See also W89-01736) (Lantz- 
PTT 


W89-01754 


STUDY DESIGN FOR FISHERIES AND HY- 
DROLOGY ASSESSMENT IN A GLACIAL WA- 
TERSHED IN BRITISH COLUMBIA, 

British Columbia Hydro and Power Authority, 
Vancouver. 

For primary bibliographic entry see Field 2H. 
W89-01756 


PHOSPHORUS SPIRALLING IN RIVERS AND 
RIVER-RESERVOIR SYSTEMS: IMPLICA- 
TIONS OF A MODEL, 

Academy of Natural Sciences of Philadelphia, 
Avondale, PA. Stroud Water Research Center. 
For primary bibliographic entry see Field 2H. 
W89-01757 


TRADEOFFS BETWEEN STREAM REGULA- 
TION AND POINT SOURCE TREATMENTS IN 
COST-EFFECTIVE WATER QUALITY MAN- 
AGEMENT, 

Tennessee Valley Authority, Norris. Water Sys- 
tems Development Branch. 

For primary bibliographic entry see Field 5G. 
W89-01758 


INCREASING THE OXYGEN CONTENT OF 
THE KALAJOKI RIVER, 

National Board of Waters, Helsinki (Finland). 

For primary bibliographic entry see Field 5G. 
W89-01760 


POSSIBLE EFFECTS OF THE PROPOSED 
EASTERN ROUTE DIVERSION OF CHANG- 
JIANG (YANGTZE) RIVER WATER TO THE 
NORTHERN PROVINCES WITH EMPHASIS 
ON THE HYDROBIOLOGICAL ENVIRON- 
MENT OF THE MAIN WATER BODIES 
ALONG THE TRANSFER ROUTE, 

Academia Sinica, Lochiaschan (China). Inst. of 
Hydrobiology. 

For primary bibliographic entry see Field 6G. 
W89-01761 


CHEMICAL AND BIOLOGICAL CHANGES IN 
THE TER RIVER INDUCED BY A SERIES OF 
RESERVOIRS, 

Barcelona Univ. (Spain). Dept. de Ecologia. 

For primary bibliographic entry see Field 6G. 
W89-01762 


RESPONSES OF EPILITHIC ALGAE TO REG- 
ULATION OF ROCKY MOUNTAIN STREAMS, 
Colorado State Univ., Fort Collins. Dept. of 
Botany and Plant Pathology. 

For primary bibliographic entry see Field 6G. 
W89-01763 


ECOLOGY OF REGULATED STREAMS: PAST 
ACCOMPLISHMENTS AND DIRECTIONS 
FOR FUTURE RESEARCH, 

Colorado State Univ., Fort Collins. Dept. of Zool- 
ogy and Entomology. 

For primary bibliographic entry see Field 6G. 
W89-01764 


COMPARISONS OF THE PROCESSING OF 
ELEMENTS BY ECOSYSTEMS, II: METALS, 
Marine Biological Lab., Woods Hole, MA. 

For primary bibliographic entry see Field SD. 
W89-01837 


WILD AND SCENIC RIVERS: CONSERVA- 
TION AND NATURAL WATER AMENITIES, 
Ministry of Works and Development, Wellington 
(New Zealand). 

For primary bibliographic entry see Field 6F. 
W89-01877 


ECOLOGICAL PARAMETERS INFLUENCING 
AQUATIC PLANT GROWTH, 

E. O. Gangstad. 

IN: Environmental Management of Water 
Projects. CRC Press, Inc., Boca Raton, FL. 1987. 
p 49-61, 4 tab, 22 ref. 


Descriptors: *Aquatic plants, *Ecosystems, *Agri- 
cultural runoff, *Water pollution effects, *Canals, 
Nutrients, Herbicides, Algicides, Diatoms, Ma- 
croinvertebrates, Canals, Aquatic weeds, Produc- 
tivity, Photosynthesis, Water chemistry. 


The management of submersed plants in relation to 
human activities is confounded by a spectrum of 
problems associated with many variables such as 
the soil types (including aquasoils), the nature of 
the aquatic system (lake, stream, estuary, etc.), and 
the nature, time, and duration of activity generat- 
ing pollution. Diatom and macroinvertebrate 
animal populations were sampled in four irrigation 
canals to determine effects of herbicide-algicide 
treatments on nontarget organisms. Results show 
few statistically significant differences between 
treated and untreated canals. Canal water return 
flows were similar to populations occurring in 
receiving streams. Conclusions support hypotheses 
that taxa diversity of these organisms can be used 
to indicate ecological conditions of aquatic canal 
and river habitats. Field measurements of ecologi- 
cal factors that relate to growth and development 
of submersed aquatic weeds in irrigation canals 





were made on multiple sites, involving 11 canals in 
Colorado, California, and Washington, from 1959 
through 1974. Numerous chemical and physical 
characteristics of canal water and canal hydrosoil 
were monitored along with several biological pa- 
rameters, which included aquatic plant community 
structure, density, net productivity, and photosyn- 
thetic carbon fixation rate. Canal soil microorga- 
nisms, phytoplankton, and macroinvertebrate pop- 
ulations were also included in the survey. The only 
statistically significant differences that were found 
between canals with and those without aquatic 
weed infestations involved water chemistry. 
Canals without aquatic weeds were found to have 
70% less available nitrate nitrogen and 40% less 
total dissolved solids. (See also W89-01990) (Lantz- 
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BIOLOGICAL PARAMETERS INFLUENCING 
GROWTH AND REPRODUCTION OF HY- 
DRILLA, 

a Protection Agency, Washington, 


R. A. Stanley, and E. O. Gangstad. 

IN: Environmental Management of Water 
Projects. CRC Press, Inc., Boca Raton, FL. 1987. 
p 63-70, 23 ref. 


Descriptors: *Rivers, *Lakes, *Canals, *Hydrilla, 
*Aquatic plants, *Biological studies, *Aquatic 
weed control, Aquatic weeds, Ecosystems, Hydro- 
gen ion concentration, Alkalinity, Nutrients, Water 
temperature, Herbicides. 


Hydrilla verticillata Royle (Hydrilla), a monocoty- 
ledon, considered to be monotypic in the family 
Hydrocharitaceae, is an exotic submersed aquatic 
plant occurring in the U.S. It was first discovered 
as a US. infestation in Florida in 1960, and was 
apparently introduced from Southeast Asia. Since 
1960, it has spread to widely separated locations 
across North America and has reached problem 
levels in most waterbodies where it has become 
established. Its broad ecological variability has en- 
abled it to thrive in riverine and lacustrine environ- 
ments in the southeastern U.S. and in irrigation and 
drainage canals in California. It can withstand vari- 
ations in pH, alkalinity, and nutrient levels, and 
thrives at water temperatures above 17 C. Its salin- 
ity limit is about 12 to 15 ppt. It has the potential 
for establishment throughout the U.S. It is able to 
dominate an entire body of water rapidly through 
a variety of very efficient means of reproduction. 
At present, there are no known methods for com- 
plete eradication of this plant. There are no known 
natural enemies in the U.S. and biological control 
are still in the experimental stage. Mechanical 
methods have proved both costly and ineffective. 
Chemical herbicides have proved to be the pri- 
mary tool for management of this aquatic nuisance 
at this time. (See also W89-01990) (Lantz-PTT) 
W89-01995 


US. ENVIRONMENTAL PROTECTION 
AGENCY RIVER REACH FILE: HYDROLOGIC 
SEGMENT PLOTS - WASHINGTON. 

Bonneville Power Administration, Portland, OR. 
Div. of Power Resources Planning. 

For primary bibliographic entry see Field 7C. 
W89-02003 


US. ENVIRONMENTAL PROTECTION 
AGENCY RIVER REACH FILE: HYDROLOGIC 
SEGMENT PLOTS - OREGON. 

Bonneville Power Administration, Portland, OR. 
Div. of Power Resources Planning. 

For primary bibliographic entry see Field 7C. 
W89-02004 


US. ENVIRONMENTAL PROTECTION 
AGENCY RIVER REACH FILE: HYDROLOGIC 
SEGMENT PLOTS - MONTANA. 

Bonneville Power Administration, Portland, OR. 
Div. of Power Resources Planning. 

For primary bibliographic entry see Field 7C. 
W89-02005 


UNEXPECTED FACTOR AFFECTING RE- 
CHARGE FROM EPHEMERAL RIVER FLOWS 
IN SWA/ NAMIBIA, 

Department of Water Affairs, Windhoek (Na- 
mibia). 

For primary bibliographic entry see Field 2F. 
W89-02225 


RAINFALL - RUNOFF - RECHARGE RELA- 
TIONSHIPS IN THE BASEMENT ROCKS OF 
ZIMBABWE, 

Hydrotechnica, Shrewsbury (England). 

For primary bibliographic entry see Field 2B. 
W89-02245 
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LEACHING OF CARBOFURAN IN FLOODED 
FIELD UNDER PUDDLED AND NONPUD- 
DLED CONDITIONS, 

Central Rice Research Inst., Cuttack (India). Lab. 
of Soil Microbiology. 

For primary bibliographic entry see Field SB. 
W89-01283 


NITRATE CONTENT IN FRACTURE ZONE 
GROUNDWATER IN THE HUMID TROPICS 
AS RELATED TO DEFORESTATION (LA 
TENEUR EN NITRATES DES NPPES DE 
FSSURES DE LA ZONE TROPICALE HUMIDE 
EN RELATION AVEC LES PROBLEMES DE 
DEFORESTATION), 

Montpellier-2 Univ. (France). Lab. d’Hydrogeolo- 


gie. 
For primary bibliographic entry see Field 4C. 
W89-01309 


IRRIGATION RELATED ARSENIC CONTAMI- 
NATION OF A THIN, ALLUVIAL AQUIFER, 
MADISON RIVER VALLEY, MONTANA, 
U.S.A. 

Montana Bureau of Mines and Geology, Butte. 
For primary bibliographic entry see Field SB. 
W89-01316 


EFFECT OF THE ENVIRONMENT ON THE 
HYDROCHEMICAL CHARACTERISTICS OF 
AN ALLUVIAL AQUIFER FOLLOWING AN 
EXCEPTIONAL MULTIYEAR DROUGHT 
(MEDITERRANEAN SEASHORE, HERAULT, 
FRANCE): PART I. RECHARGE OF THE AQ- 


UIFER, 
Montpellier-2 Univ. (France). Lab. d’Hydrogeolo- 


gie. 

J.-C. Grillot, I. Chaffaut, and M. Razack. 
Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 2, p 163-173, April 1988. 8 
fig, 18 ref. 


Descriptors: *France, *Aquifers, ‘*Alluvial 
aquifers, *Drought, *Karst hydrology, *Ground- 
water recharge, Sulfates, Nitrates, Chlorides, Per- 
meability, Manure fertilizers, Mediterranean sea- 
shore. 


The hydrochemical evolution of an alluvial aquifer 
is analyzed during a water rising occurring after a 
five-year drought and according to its recharge 
modalities (recharge from the surface and from a 
lateral karst bordering the upper of the aqui- 
fer). A study of the transfer of some elements 
(chloride, sulfate, nitrate) from the surface (agri- 
cultural manures and treatments) and from the 
karst, illustrates that transfer times should be inter- 
preted with respect to the bility variations 
of the alluvial system, including its overburden. As 
a consequence, the homogenization of the dilutions 
at the scale of the aquifer and local dissolutions 
within a pervious zone of the aquifer would be 
related to the variations of the permeability and to 
the geochemical heterogeneities of the aquifer. 
(See also W89-01318) (Author’s abstract) 
W89-01317 


EFFECT OF THE ENVIRONMENT ON THE 
HYDROCHEMICAL CHARACTERISTICS OF 
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AN ALLUVIAL AQUIFER FOLLOWING AN 
EXCEPTIONAL MULTIYEAR DROUGHT 
(MEDITERRANEAN SEASHORE, HERAULT, 
FRANCE): PART II. CLIMATOLOGY AND 
AGRONOMY, 

Montpellier-2 Univ. (France). Lab. d’Hydrogeolo- 


gie. 

J.-C. Grillot, I. Chaffaut, and M. Razack. 
Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 2, p 175-181, April 1988. 3 
fig, 13 ref. 


Descriptors: *France, *Water quality, *Water pol- 
lution sources, *Alluvial aquifers, *Drought, 
*Groundwater recharge, Sulfates, Nitrates, Chlor- 
ides, Potassium, Permeability, Clay, Chemical fer- 
tilizers, Agronomy, Mediterranean seashore, 
Aquifers, Climatology, Soil saturation. 


The hydrochemical evolution of an alluvial 
groundwater located along the Mediterranean sea- 
shore is analyzed with respect to its agricultural 
and climatic environment, including degree of 
saturation of the soil; types of culture, chemical 
fertilizers and phytosanitary treatments; selective 
irrigation of the cultivated areas; precipitation. It is 
shown that the environmental effect on the 
groundwater’s vulnerability depends on two 
groups of factors: (1) Transfers from surface to 
groundwater of nitrates, chlorides, sulfates, and 
potassium, which are governed by: (a) the climatic 
conditions before the agricultural activities begin, 
(b) the kirds of agricultural activities and their 
distribution in time with respect to a given climatic 
context. Phenomena of retention and/or rapid dif- 
fusion are related to the sedimentary heterogene- 
ities of the reservoir and to the differences of 
temperatures between irrigation waters and pre- 
cipitation. (2) Cationic exchanges related to the 
presence of clays of montmorillonite-kaolinite 
type. (See also W89-01317) (Author’s abstract) 
W89-01318 


ORGANIC CATION EFFECTS ON THE SORP- 
TION OF METALS AND NEUTRAL ORGANIC 
COMPOUNDS ON AQUIFER MATERIAL, 
Robert S. Kerr Environmental Research Lab., 
Ada, OK. 

For primary bibliographic entry see Field SB. 
W89-01328 


GROUNDWATER QUALITY BENEATH THE 
CITY OF LONDON: OVERVIEW AND LONG- 
TERM CHANGES, 

For primary bibliographic entry see Field 5B. 
W89-01353 


LARGE-TIME SATURATED-UNSATURATED 
WATER AND CONTAMINANT TRANSPORT 
MODEL IN UNCONFINED AQUIFERS, 
Australian Inst. of Nuclear Science and Engineer- 
ing, Sutherland. 

For primary bibliographic entry see Field SB. 
W89-01360 


SPATIAL CORRELATION OF HYDROLOGIC 
TIME SERIES, 

Miami Univ., Coral Gables, FL. Dept. of Civil and 
Architectural Engineering. 

For primary bibliographic entry see Field 7C. 
W89-01371 


TRANSPORT AND TRANSFORMATIONS OF 
ORGANIC CHEMICALS IN THE SOIL-AIR- 
WATER ECOSYSTEM, 

California Univ., Riverside. Dept. of Soil and En- 
vironmental Sciences. 

W. A. Jury, A. M. Winer, W. F. Spencer, and D. 
D. Focht. 

Reviews of Environmental Contamination and 
Toxicology, Vol. 99, p 119-164, 1987. 10 tab, 119 
ref, append. 


Descriptors: *Fate of pollutants, *Path of pollut- 
ants, *Soil contamination, *Leaching, *Organic 
compounds, *Water pollution sources, *Air pollu- 
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tion sources, Groundwater pollution, Biodegrada- 
tion, Literature reviews, Leaching, Volatility. 


The fundamental processes governing the fate of a 
chemical —_ to, or present in, the soil at time 
zero are discussed. The discussion covers both 
leaching and biodegradation processes in soil, vola- 
tilization of chemicals from soil to atmosphere, and 
subsequent atmospheric transport and reactions. 
Downward transport or leaching of dissolved or- 
ganic chemicals in soil depends principally on the 
amount of water moving through the system and 
on the adsorption characteristics of the chemical. 
Chemical volatilization from soil surfaces is limited 
both by the vapor density at the soil surface and by 
the rate of movement to the surface. Once an 
organic chemical has reached the atmosphere, its 
persistence depends on the extent of removal by 
wet and dry deposition and by chemical reactions. 
Recent observations of chemical concentrations 
have found widespread dissemination of organic 
chemicals throughout the remote locations of the 
Earth, indicating both a substantial amplitude for 
entering the atmosphere and also considerable at- 
mospheric lifetimes under certain conditions. 
Chemical biodegradation under field conditions is 
very poorly understood, both because of the lack 
of in situ field studies and because the biodegrada- 
tion process is extremely difficult to isolate from 
other chemical loss processes such as leaching and 
volatilization. In the concluding part of this article, 
a screening model is used to study the relative 
leaching and volatilization characteristics of 22 
pesticide chemicals, showing for leaching the im- 
portant interactions between mobility and degrada- 
tion in determining chemicals with the most poten- 
tial for reaching groundwater. (VerNooy-PTT) 
W89-01384 


FORCED-GRADIENT TRACER TESTS AND IN- 
FERRED HYDRAULIC CONDUCTIVITY DIS- 
TRIBUTIONS AT THE MOBILE SITE, 

Auburn Univ., AL. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 5B. 
W89-01402 


DETERMINING THE DISTRIBUTION OF HY- 
DRAULIC CONDUCTIVITY IN A FRACTURED 
LIMESTONE AQUIFER BY SIMULTANEOUS 
INJECTION AND GEOPHYSICAL LOGGING, 
Geological Survey, Denver, CO. 

R. H. Morin, A. E. Hess, and F. L. Paillet. 

Ground Water GRWAAR, Vol. 26, No. 5, p 587- 
595, September-October 1988. 4 fig, 25 ref. 


Descriptors: *Tracers, *Borehole geophysics, 
*Geohydrology, *Hydraulic conductivity, *Lime- 
stone, *Logging (Recording), Aquifers, Injection, 
Groundwater hydraulics, Geophysics, Recharge, 
Vertical distribution, Boreholes, Geologic frac- 
tures, Transmissivity, Flow, Turbulent flow, Fric- 
tion, Hydraulics. 


A field technique for assessing the vertical distribu- 
tion of hydraulic conductivity in an aquifer was 
applied to a fractured carbonate formation in 
southeastern Nevada. The technique combines the 
simultaneous use of fluid injection and geophysical 
logging to measure in situ vertical distributions of 
fluid velocity and hydraulic head down the bore- 
hole; these data subsequently are analyzed to 
arrive at quantitative estimates of hydraulic con- 
ductivity across discrete intervals in the aquifer. 
Results identified the contact margin between the 
Anchor and Dawn Members of the Monte Cristo 
Limestone as being the dominant transmissive unit. 
This section is extensively fractured, and quantita- 
tive estimates of its hydraulic conductivity are at 
least two orders of magnitude larger than that of 
the surrounding competent rock matrix. This trans- 
missive zone also correlates strongly with an inter- 
val where the drilling rate was reported to be quite 
rapid. Aquifer transmissivity was computed from 
the profile of hydraulic conductivity and found to 
be 760,000 sq ft/day. The friction factor, a parame- 
ter derived from the differential pressure and ve- 
locity logs, appears to be a good indicator of 
borehole rugosity across intervals where fluid ve- 
locity remains virtually unchanged, and vertical 
flow is turbulent. (Author's abstract) 

W89-01404 


INTERPRETATION OF WELL AND FIELD 
DATA IN A HETEROGENEOUS LAYERED 
AQUIFER SETTING, APPALACHIAN PLA- 


TEAU, 
Northern Illinois Univ., De Kalb. Dept. of Geolo- 


By: 

C. J. Booth. 

Ground Water GRWAAR, Vol. 26, No. 5, p 596- 
606, September-October 1988. 6 fig, 5 tab, 14 ref, 
append. 


Descriptors: *Geohydrology, *Data interpretation, 
*Groundwater movement, *Well yield, *Aquifers, 
*Springs, Hydraulic properties, Well hydraulics, 
Stream discharge, Wells, Water level, Pumping 
tests, Topography, Streams, Water yield, Sand- 
stones, Appalachian Plateau, Aquitards, Geologic 
formations, Flow system, Flow, Stratified flow, 
Seepage. 


Groundwater flow systems in the Appalachian Pla- 
teau coalfield balance the conflicting controls of 
topographic relief and hydrostratigraphic layering. 
Appropriate use of field observations (springs, 
streams) and abundant domestic-well information 
(water levels, pumping test results, records of 
yield, and water-producing zones) helped resolve 
ambiguities about a typical system in Cambria 
County, PA. The effective scale for hydrostrati- 
graphic division is by sandstone-dominated mem- 
bers as aquifers and intervening shale-clay mem- 
bers as aquitards. The flow system is stratified in 
the intervalley ridges; heads, controlled primarily 
by the dissected aquifer outcrop, drop discretely to 
lower aquifers. Discrete groundwater discharge 
and lateral head changes indicate local heterogene- 
ity, enhanced by mine-subsidence effects. The prin- 
cipal valleys carry a topographically controlled 
system, for which they serve as recharge feeders. 
(Author’s abstract) 
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Hydrogeologic and isotopic investigations were 
conducted on thick profiles of clayey glacial till at 
three study areas in the Interior Plains Region of 
southern Alberta, Canada. The till consists of an 
upper weathered zone (9 to 18 m thick) and a 
lower nonweathered zone (10 to 30 m thick). The 
presence of tritiated groundwater at depths of up 
to 5 m below the water table in the weathered 
zone is hydrogeologically active. Interpretation of 
hydraulic head and hydraulic conductivity data 
indicates that vertical seepage velocities in the 
nonweathered till zones range from 2 to 6 m per 
1,000 years. Calculated lateral groundwater veloci- 
ties in the till zones are only about 9 m per 1,000 
years, and it is concluded that most of the ground- 
water recharging the weathered till zone is re- 
turned to the atmosphere by evapotranspiration. 
Oxygen-18 and deuterium analyses of groundwater 
samples for the weathered till zones support this 
conclusion. (Author’s abstract) 
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The Jacob straight-line method is concerned with 
the late time Theis type curve. The Jacob method 
gives a straight line on semilogarithmic paper. In 

ractice, the Jacob straight line is taken for granted 

y groundwater hydrologists, hydrogeologists, and 
engineers, and applied almost universally. Not 
every straight line on semilogarithmic paper, how- 
ever, warrants the application of the Jacob 
method. The Jacob straight-line method has physi- 
cal restrictions (in addition to the mathematical 
requirements of having the dimensionless time 
factor, u, less than 0.01) which are ignored. There- 
fore, determination of the storage coefficient and 
transmissivity from the semilogarithmic plot of 
data yields either over- or underestimations. The 
objective of this paper is to show that the slope of 
the straight line on semilogarithmic paper can pro- 
vide useful quantitative information for the proper 
application of the Jacob method. Differences in the 
slopes of the theoretical and field lines implies 
various physical circumstances. In practice, the 
Jacob method must be used with great care. The 
physical construction of the aquifer and flow con- 
ditions must be considered. (Author’s abstract) 
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A series of three numerical models was used to 
characterize salt-water intrusion at Hallandale, lo- 
cated on the east coast of Florida. A cross-section- 
al model was used to conceptualize the flow 
system, and a regional model synthesized input for 
the third model, the wellfield model. The wellfield 
model was eventually used to assess the relative 
merits of proposed water management alternatives. 
Although the modeling did not isolate a specific 
cause of the intrusion, it did show the extreme 
sensitivity of the hydrologic system. Long-term 
water-level declines of only a few tenths of a foot 
were shown to result in a significant movement of 
the salt-water front. There is a distinct time lag, 
however, between lowering of the hydraulic heads 
and movement of the salt-water front, which has 
many implications for water management decisions 
and in the construction and calibration of a numeri- 
cal model. These observations, as well as others 
made in the course of this study, can be applied 
generally to coastal water management programs. 
(Author’s abstract) 
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The transport of solute components in groundwat- 
er takes place under the effects of convection, 
dispersion, and interactions between the stagnant 
water phase and the solid matrix. The inflow of 
solutes occurs in the form of local or diffuse 
sources. Among these, areal sources (precipitation) 
possess special importance in the recharging of 
groundwater. Today, simulation of the process 
with multidimensional models is possible only with 





numerical methods. Since convective transport 

predominates in many cases, a one-dimensional 

simulation scheme ~~: the flow path is suited to 
rsonal computers is scheme represents the 
is for the identification of migration parameters 

(inverse mass transport problem). (Author's ab- 

stract) 
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Underground injection has been used in Ontario 
for decades to dispose of brackish waters and 
brines that are produced from oil and gas wells. 
The first injection well for liquid industrial waste 
was completed near Sarnia in 1958. In the next few 
years, a number of additional industrial injection 
wells were drilled near Sarnia. The majority of the 
wells were completed in the Detroit River Forma- 
tion at depths generally less than 1,000 feet (304 
m). This area was the site of intensive exploration 
for gas in the overlying Dundee Formation, and 
many cable-tool holes had been drilled to the top 
of the Detroit River Formation early in this centu- 
ry. In the late 1960's, several events occurred 
where industrial waste and/or brine flowed to the 
land surface through abandoned and inadequately 
plugged boreholes. As a result of these problems, 
industries in the Sarnia area voluntarily decreased 
their injection rate. Ultimately, regulations were 
passed which prohibited industrial waste injection 
into the Detroit River Formation. Since December 
31, 1976, only brine has been injected into the 
Detroit River Formation. In order to evaluate the 
effects of brine injection, a regional assessment of 
injection of brines to the Detroit River formation 
was undertaken by the Ministry of the Environ- 
ment. This project included an inventory of all 
injection wells in the Province, calculation of aqui- 
fer parameters from injection tests and drill stem 
tests, collection and review of chemical analysis of 
native brines, and a review of past operating prac- 
tices. Data collected during the study suggested 
that continued injection into the Detroit River 
Formation could be safely accomplished by reduc- 
ing well head operating pressures to prevent dis- 
placement of brines into freshwater aquifers. (See 
also W89-01564) (Author’s abstract) 
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The fate, transport, and confinement of chemical 
wastes injected into deep, saline formations are 
ultimately controlled by the regional hydrologic 
and geochemical environments of saline sections of 
sedimentary basins. The hydrogeology of sedimen- 
tary basins is as variable as there are different types 
of basins. Important parameters that control and 
describe a basin’s hydrogeology are: (1) the geo- 
logic history of the basin, (2) flow mechanisms, (3) 
potential energy distributions, (4) permeability and 
permeability distribution of the rocks and sedi- 
ments within the basin, (5) the occurrence of faults 
and fractures, and (6) the origin and age of saline 
waters. These parameters control residence times 


of waters, rates and directions of saline groundwat- 
er flow, the origin and chemical compositions of 
the saline waters, and, therefore, the ultimate fate 
of injected wastes. Examples of different types of 
sedimentary-basin hydrology and the importance 
of the controlling parameters are provided by com- 
paring the hydrogeology of three basins in Texas - 
the Gulf of Mexico, the East Texas, and the Palo 
Duro sedimentary basins. The Gulf of Mexico is a 
relatively young, Tertiary-age basin which is pres- 
ently compacting; fluid movement is considered to 
be up the stratigraphic dip or up fault zones and 
driven by shale compaction; fluid pressures are 
either hydrostatic or overpressured. The East 
Texas is an older, Cretaceous-age basin, parts of 
which may be stagnant. The Palo Duro is an older, 
Paleozoic-age basin that has been tectonically up- 
lifted; fluid flow is gravity driven and fluid pres- 
sures are subhydrostatic. (See also W89-01564) 
(Author’s abstract) 
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The general technical requirements of a suitable 
wastewater injection well site include: (1) a saline- 
water bearing injection interval that is sufficiently 
thick, extensive, porous and permeable to accept 
wastewater at the necessary rate at safe injection 
pressures and which is not economically more 
valuable for its contained mineral resources or 
other uses; (2) overlying and underlying strata 
(confining beds) sufficiently thick, extensive and 
impermeable to confine waste to the injection in- 
terval; and (3) the absence of solution-collapse 
features, faults, extensive joints, or unplugged or 
improperly plugged abandoned wells that would 
permit escape of injected wastewater from the 
injection interval into adjacent aquifers. Since the 
advent of the use of injection wells for wastewater 
disposal, one of the more difficult technical issues 
has been the determination of the adequacy of 
confinement of injected liquids within the injection 
reservoir. This may be a particular problem when 
the confining interval is relatively thin, shallow, of 
questionable permeability, is affected by local 
structural or stratigraphic geologic features, or is 
penetrated by abandoned wells that may be im- 
properly plugged. Assessment of the adequacy of a 
confining interval usually involves a general eval- 
uation of the stratigraphy, structural geology, hy- 
drogeology and hydrochemistry of the site. Specif- 
ic geotechnical methods are also available for test- 
ing and modelling the behavior of confining strata, 
including the vertical extent of hydraulic fracture 
growth and the rate of flow of injected wastewater 
through them. More effort needs to be expended in 
determining the geological and engineering prop- 
erties of confining layers during the drilling, log- 
ging and testing of injection and monitoring wells. 
Such additional information is required to allow 
improved evaluation of confining layer behavior 
and the fate and transport of injected contami- 
nants. (See also W89-01564) (Author’s abstract) 
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In the planning stages of any subsurface waste 
injection system, the pattern of migration of the 
injected waste based on the known (or estimated) 
petrophysical properties of the brine aquifer and 
flow rate of the waste should be modeled. This is 
especially true when addition of a second, or third, 
well is planned for disposal of wastes into the same 
aquifer. This type of analysis will enable one to 
present a preliminary assessment of waste migra- 
tion to a State Board or environmentally con- 
cerned citizens. A computer program was devel- 
oped to track the advancing front of the injected 
waste as a function of time. The program can be 
used for any type of heterogeneous reservoir with 
variable thickness, permeability, porosity or flow 
boundaries such as faults. It also may be used to 
analyze disposal of wastes from multiple wells 
simultaneously or alternately. The program will 
compute the pattern whether regular or not, or the 
advancing waste-brine front. A complete discus- 
sion of the mathematical model, operating logic of 
the program, and listing of the program in FOR- 
TRAN is provided. Anyone with access to a com- 
puter can use this program to analyze the anticipat- 
ed pattern of migration of injection wastes as a 
function of the petrophysical properties of the 
subsurface disposal formation and time. (See also 
W89-01564) (Author’s abstract) 
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A hydrogeological evaluation was carried out in a 
15,760 sq km region centered on the special waste 
injection site of the Alberta Special Waste Man- 
agement Corporation. The study was based on the 
examination and interpretation of stratigraphic and 
hydrogeologic information from 3276 wells, 635 
drillstem tests, 3477 core analyses and 645 forma- 
tion water analyses. Based on a detailed analysis of 
the natural flow system, seven major aquifer units 
and seven intervening aquitards (and minor aqui- 
cludes) were identified. The three-dimensional nat- 
ural and perturbed flow regimes were simulated 
using a finite-element numerical model. Four of the 
— aquifer units were also studied using a non- 
leaky analytical model and a leaky two-aquifer 
analytical model. Estimates were made of the long- 
term hydraulic effects of injection, at a given rate 
of 225 cu m/day, into the four major aquifer units 
studied by means of analytical models, and predic- 
tions of hydraulic head build-up made and com- 
pared between the numerical and analytical meth- 
ods. Analytical solutions show that the regime is 
quasi-steady-state after 100,000 years of constant- 
rate injection, but the hydraulic head build-ups 
calculated by the non-leaky model are greater than 
those obtained by both the leaky model and nu- 
merical simulation. Even when the leaky model is 








applied at an optimal radial distance from the 
injection well, hydraulic head build-ups in adjacent 
aquifers are still overestimated compared to the 
numerical simulation; for aquifers generally less 
than 50 m thick, this overestimation results mainly 
from effects of the cone of influence and non-radial 
flow as well as from the limitations of the analyti- 
cal model (only one leaky bed considered). Predic- 
tions of the hydraulic effects of injection based on 
analytical models should not neglect leakage 
through aquitards. The thicker the injection aqui- 
fer, the more closely will the predicted hydraulic 
head build-up approach that obtained. Even at 
rates as low as 225 cu m/day, reversal of the 
natural flow conditions can occur. (See also W89- 
01564) (Author’s abstract) 

W89-01587 


INJECTION ZONE PRESSURE PROFILE, 

Du Pont de Nemours (E.I.) and Co., Victoria, TX. 
For primary bibliographic entry see Field SE. 
W89-0158 


FLOW AND CONTAINMENT OF INJECTED 
W. 


'ASTES, 
Du Pont de Nemours (E.I.) and Co., Wilmington, 
DE. 


For primary bibliographic entry see Field SE. 
W89-01589 


CHEMICAL FATE OF INJECTED WASTES, 
Du Pont de Nemours (E.I.) and Co., Wilmington, 
DE. 


For primary bibliographic entry see Field 5B. 
W89-01590 


ROLE OF THE CRITICAL TEMPERATURE OF 
CARBON DIOXIDE ON THE BEHAVIOR OF 
WELLS INJECTING HYDROCHLORIC ACID 
INTO CARBONATE FORMATIONS, 
Environmental Protection Agency, Chicago, IL. 
ge V. 

For oor bibliographic entry see Field SE. 
W89-015' 


SUBSURFACE DISPOSAL OF LIQUID LOW- 
LEVEL RADIOACTIVE WASTES AT OAK 
RIDGE, TENNESSEE, 

Oak Ridge National Lab., TN. 

For primary bibliographic entry see Field 5E. 
W89-01593 


SUPERCRITICAL DEEP WELL WET OXIDA- 
TION OF LIQUID ORGANIC WASTES, 

Vertox, Inc., Dallas, TX. 

For primary bibliographic entry see Field 5D. 
W89-01596 


INTERPRETATION OF IN SITU GROUND- 
WATER QUALITY FROM WELL SAMPLES, 
For primary bibliographic entry see Field 7C. 
W89-01605 


SORPTION KINETICS OF COMPETING OR- 
GANIC SUBSTANCES ON NEW JERSEY 
COASTAL PLAIN AQUIFER SOLIDS, 

Cook Coll., New Brunswick, NJ. Dept. of Envi- 
ronmental Science. 

For primary bibliographic entry see Field 5B. 
W89-01643 


HAZARDOUS WASTES IN GROUND WATER: 
A SOLUBLE DILEMMA. 

Alberta Research Council, Edmonton. 

Proceedings of the Second Canadian/American 
Conference on Hydrogeology. Banff, Alberta, 
Canada. June 25-29, 1985. Edited by Brian Hitchon 
and Mark R. Trudell. National Water Well Asso- 
ciation, Dublin, OH. 1985. 255p. 


Descriptors: *Groundwater pollution, *Contami- 
nation, *Hazardous materials, *Wastes, Geohydro- 
logy. 


This volume contains the Proceedings of the 
Second Canadian/American Conference on Hy- 
drogeology, which was jointly organized by the 
Alberta Research Council and the National Water 
Well Association. The subject of this year’s confer- 
ence was hazardous wastes and the wide variety of 
the papers presented attest to the importance of the 
subject and to the need for scientific input from 
many disciplines in order to solve what is generally 
regarded as a sensitive environmental and political 
problem. (See W89-01662 thru W89-01690) (Sand- 


PTT) 
W89-01661 


ROLE OF MASS TRANSPORT MODELING, 
Alberta Univ., Edmonton. Dept. of Geology. 
For primary bibliographic entry see Field 5B. 
W89-01662 


INTERACTION OF CLAY AND INDUSTRIAL 
WASTE: A SUMMARY REVIEW. 

McGill Univ., Montreal (Quebec). Geotechnical 
Research Centre. 

For primary bibliographic entry see Field 5B. 
W89-01663 


NATURAL-GRADIENT EXPERIMENT ON OR- 
GANIC SOLUTE TRANSPORT IN A SAND AQ- 
UIFER: SYNOPSIS OF RESULTS, 

Stanford Univ., CA. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 5B. 
W89-01664 


MIGRATION OF ORGANIC FLUIDS IMMIS- 
CIBLE WITH WATER IN THE UNSATURATED 
AND SATURATED ZONES, 

fuer Gewaesserkunde, Koblenz 
For primary bibliographic entry see Field SB. 
W89-01665 


GLOUCESTER PROJECT: A STUDY IN OR- 
GANIC CONTAMINANT HYDROGEOLOGY, 
Department of the Environment, Ottawa (Ontar- 
io). River Road Environmental Technology 
Center. 

For primary bibliographic entry see Field SB. 
W89-01666 


GROUND WATER CONTAMINATION BY OR- 
GANIC CHEMICALS: UNCERTAINTIES IN AS- 
SESSING IMPACT, 

California Univ., Los Angeles. School of Public 
Health. 

For primary bibliographic entry see Field SB. 
W89-01667 


HOW TO ASSESS THE HAZARDOUS 
GROUND WATER CONTAMINATION POTEN- 
TIAL OF UNCONTROLLED WASTE SITES, 

i Berlin (Germany, F.R.). 
Inst. fuer Wasser-, Boden- und Lufthygiene. 

For primary bibliographic entry see Field SB. 
W89-01668 





DISPOSAL SITE MONITORING DATA: OB- 
SERVATIONS AND STRATEGY IMPLICA- 
TIONS, 

Lockheed Electronics Co., Inc., Las Vegas, NV. 
For primary bibliographic entry see Field 5B. 
W89-01669 


POTENTIAL RISKS TO A SOLE-SOURCE AQ- 
UIFER RECHARGE AREA FROM WASTE DIS- 
POSAL ACTIVITIES: A CASE STUDY, 
Geological Survey, Baton Rouge, LA. 

For primary bibliographic entry see Field SB. 
W89-01670 


CONCEPT OF EFFECTIVE POROSITY AND 
ITS MEASUREMENT IN SATURATED FINE- 
GRAINED POROUS MATERIALS, 

Illinois State Water Survey Div., Champaign. 


WATER CYCLE—Field 2 
Groundwater—Group 2F 


G. R. Peyton, J. P. Gibb, M. H. LeFaivre, and J. 
D. Ritchey. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 101-107, 1 fig, 22 ref. 


Descriptors: *Porous media, *Soil, *Porosity, 
*Solute transport, *Path of pollutants, *Ground- 
water movement, Steric exclusion chromatogra- 
phy, Dispersion, Advection, Model studies. 


The term ‘effective porosity’ has been used in the 
literature to identify many different concepts. Par- 
tially due to this lack of a clear definition, effective 
porosity is not recognized by some investigators. 
The concept of effective porosity presented in this 
paper arises from the idea that not all of the total 
porosity of a saturated porous medium may be 
available for solute transport. If some voids are of 
dimensions comparable to the molecular hydrody- 
namic radius, the available pore space may be 
different for molecules of different size. This makes 
effective porosity a function of solute as well as the 
soil matrix. One branch of liquid chromatography, 
called Steric Exclusion Chromatography, deals 
with the separation of solutes of varying molecular 
size, based on their difference in ability to diffuse 
into pores in the column packing material. The 
very existence of this branch of chromatography 
demonstrates the need to recognize the concept of 
effective porosity in hydrogeology. Concepts from 
chromatography theory are discussed and their 
relationship to classical dispersion/advection 
theory pointed out. The concept of reduced plate 
height provides a simple means by which to obtain 
an intuitive feel for the relative importance of 
dispersion and advection in predicting break- 
through. It is well known that breakthrough vol- 
umes in column experiments to determine porosity 
are dependent on the flow rate when flow is low 
enough that the diffusional portion of dispersion 
becomes important. Therefore, transport models 
must be used to decouple porosity information 
from the effects of dispersion column data obtained 
from low flow rates. (See also W89-01661) (Au- 
thor’s abstract) 

W89-01672 


SWAN HILLS FACILITY OF ALBERTA SPE- 
CIAL WASTE MANAGEMENT CORPORA- 
TION: EVALUATION FOR DEEP WASTE DIS- 
POS. 


AL, 
Alberta Research Council, Edmonton. 
For primary bibliographic entry see Field SE. 
W89-01673 


ABSORPTION OF HALOGENATED ORGANIC 
COMPOUNDS BY POLYMER MATERIALS 
COMMONLY USED IN GROUND WATER 
MONITORS, 

Gartner Lee Associates Ltd., Markham (Ontario). 
For primary bibliographic entry see Field 5A. 
W89-01674 


SOIL VAPOR MONITORING AS A COST-EF- 

FECTIVE METHOD OF ASSESSING GROUND 

WATER DEGRADATION FROM VOLATILE 

as ene HYDROCARBONS IN AN AL- 
UVIAL ENVIRONMENT, 

Kiddies (J.H.) and Associates, Walnut Creek, 

CA 


For primary bibliographic entry see Field 5A. 
W89-01675 


NATURAL-GRADIENT TRACER STUDY OF 
DISSOLVED BENZENE, TOLUENE AND XY- 
LENES IN GROUND WATER, 

Waterloo Univ. (Ontario). 

For primary bibliographic entry see Field 5B. 
W89-01676 


GEOPHYSICAL SURVEY TO INVESTIGATE 
CONTAMINANT MIGRATION FROM A 
WASTE SITE, 

Woodward-Clyde Consultants, Baton Rouge, LA. 
For primary bibliographic entry see Field 5B. 
W89-01677 





Field 2—WATER CYCLE 


Group 2F—Groundwater 


IMPEDANCE COMPUTED TOMOGRAPHY 
ALGORITHM AND SYSTEM FOR GROUND 
WATER AND HAZARDOUS WASTE IMAG- 
ING, 

Manitoba Univ., Winnipeg. Dept. of Electrical En- 
gineering. 

A. Wexler, and C. J. Mandel. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 156-161, 5 fig, 7 ref. 


Descriptors: *Groundwater pollution, *Contami- 
nation, *Geophysics, *Path of pollutants, *Tomog- 
raphy, ‘*Impedance computed tomography, 
Wastes, Hazardous materials, Algorithms. 


An impedance computed tomography algorithm 
and system, for impedance imaging with top-sur- 
face measurements, are described. The algorithm, 
which determines the current flow paths iterative- 
ly, employs sparse-matrix techniques and so a large 
number of variables is easily accommodated. The 
easurement system used a grid of electrodes over 
the ground surface and introduces controlled cur- 
rents into a subset of electrodes in a prescribed. 
sequence. Voltage measurements (using high im- 
pedance equipment) are taken at passive electrodes 
only. Therefore, uncertain contact and spreading 
resistance are not of primary concern to the 
scheme. Fine image resolution is attainable with 
accurate measurements. It is not required that 
buried objects be layered and broad in extent in 
order to be imaged from the top surface. Three 
tests are reported in which an 80mm mortar shell, 
submerged in water and buried in sand, is imaged 
by top-surface measurements only. (See also W89- 
01661) (Author’s abstract) 

W89-01678 


TOMOGRAPHIC IMAGING OF GROUND 
WATER POLLUTION PLUMES, 

Faraci (E.J.) and Associates, Winnipeg (Manitoba). 
A. Tamburi, R. Allard, and U. Roeper. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 162-167, 8 fig, 10 ref. 


Descriptors: *Groundwater pollution, *Contami- 
nation, *Geophysical surveys, *Tomography, 
*Path of pollutants, *Impedance computed tomog- 
raphy, Wastes, Hazardous materials, Algorithms, 
Electroscan, Plumes. 


An impedance tomographic technique developed 
by Wexler and Mandel was assessed for its poten- 
tial application as an imaging tool for ground 
water pollution plumes. The technique, referred to 
as the Ejectroscan method, is a new geophysical 
tool rather than a rearrangement of traditional 
resistivity techniques. It is a three-dimensional tool, 
which simultaneously solves systems of equations 
for the distribution of conductivity throughout the 
region beneath an electrode grid. Less information 
is lost with increasing depth than traditional meth- 
ods, and for a given electrode, spacing definition of 
detail is superior to traditional methods. The Elec- 
troscan was used in a laboratory flume to image 
saline plumes injected into a one-dimensional back- 
ground flow field. The techniques successfully 
imaged dispersion both horizontally and vertically 
and advection of an injected pollutant slug. The 
Electroscan was also used at a field site near Por- 
tage la Prarie. A portion of the plume coming off 
the landfill was chosen as the target. Results from 
the field site were less spectacular due to a lower 
signal to noise ratio and the flow of electric cur- 
rent outside the electrode array. Shadows of high 
conductivity features may be propagated beneath, 
or parallel to the feature. Expansion to a 16 x 16 
array, electronic switching, and computational im- 
provements to the algorithm are anticipated future 
developments. (See also W89-01661) (Author’s ab- 
stract) 

W89-01679 


COMPARISON OF LANDFILL DESIGN AL- 
TERNATIVES BASED ON GROUND WATER 
FLOW MODELING, 

Gartner Lee Associates Ltd., Markham (Ontario). 
For primary bibliographic entry see Field SE. 
W89-01680 


GROUND WATER CONTAMINATION ASSO- 
CIATED WITH WASTE DISPOSAL INTO A 
WATER-FILLED OPEN-PIT COAL MINE, 
Alberta Environment, Edmonton. 

For primary bibliographic entry see Field 5B. 
W89-01683 


CYANIDE CONTAMINATION NEAR’ ELK 
CITY, IDAHO: THE REGULATORY IMPLICA- 
TIONS, 

Idaho State Dept. of Health and Welfare, Boise. 
For primary bibliographic entry see Field 5B. 
W89-01685 


INVESTIGATION OF GROUND WATER 
QUALITY AT A DECOMMISSIONED SOUR 
GAS PLANT IN ALBERTA, 

Monenco Consultants Ltd., Calgary (Alberta). 

For primary bibliographic entry see Field 5B. 
W89-01686 


EFFECTS OF THE 1982 AMOCO-DOME BRA- 
ZEAU RIVER GAS WELL BLOWOUT ON THE 
SUBSURFACE ENVIRONMENT, 

Campbell Geoscience Ltd., Calgary (Alberta). 

For primary bibliographic entry see Field 5B. 
W89-01687 


GROUNDWATER AND WELLS, 
F. G. Driscoll. 
Johnson Division, St. 
1089p. 2nd ed. 


Paul, Minnesota. 1986. 


Descriptors: *Groundwater, *Wells, Aquifers, 
Weather, Hydrologic cycle, *Groundwater move- 
ment, *Well hydraulics, *Drilling, Water chemis- 
try, Drilling fluids, Design standards, Pumps, 
Groundwater quality, Maintenance, Monitoring, 
Legal aspects, Water treatment, Water use. 


A comprehensive study of groundwater and 
groundwater technology includes: formation of 
Aquifer Systems; Weather Patterns and the Hydro- 
logic Cycle; Occurrence and Movement of 
Groundwater; Groundwater Chemistry; A Sum- 
mary of Groundwater Resources of North Amer- 
ica; Groundwater Exploration; Well Hydraulics; 
Well Drilling methods; Drilling Fluids; Well 
Screens and Methods of Sediment-Size Analysis’ 
Water Well Design; Installation and Removal of 
Well Screens; Development of Water Wells; Col- 
lection and Analysis of Pumping Test Data; Water 
Well Pumps; Water-Quality Protection for Wells 
and Nearby Groundwater Resources; Well and 
Pump Maintenance and Rehabilitation; Ground- 
water Law, Water Well Specifications, and Well 
Contract Problems; Groundwater Monitoring 
Technology; Alternative Uses for Wells and Well 
Screens; Water Treatment; and Wise Use of 
Groundwater. The text is augmented with 440 
illustrations, 141 photographs, and 149 tables. 
Technical data are presented in 90 appendices; 
examples include the dimensions, weights, and 
strengths for low-carbon steel, stainless steel, and 
thermoplastic casing, rotation speeds for all sizes 
and types of bits in various formations, field weld- 
ing procedures, pump troubleshooting chart, and 
recommended treatments for water quality prob- 
lems. A glossary has been added listing nearly 200 
important terms applying to water well technolo- 
gy. (Lantz-PTT) 

W89-01766 


APPLIED HYDROGEOLOGY, 

Wisconsin Univ.-Oshkosh. 

For primary bibliographic entry see Field 2A. 
W89-01801 


MODELING GROUNDWATER FLOW AND 
POLLUTION: WITH COMPUTER PROGRAMS 
FOR SAMPLE CASES, 

Technion - Israel Inst. of Tech., Haifa. Faculty of 
Civil Engineering. 

J. Bear, and A. Verruijt. 

D. Reidel Publishing Co., Boston, Massachusetts. 
1987. 414p. 


Descriptors: *Groundwater movement, *Pollutant 
transport, *Model studies, *Path of pollutants, 
Flow profiles, Aquifers, Mathematical models, 
Mathematical studies, Computer programs, Advec- 
tion, Dispersion, Saline water studies. 


The general principles involved in groundwater 
flow and pollutant transport by groundwater are 
discussed with special attention given to both the 
understanding of the physical mechanisms that 
govern the movement and the accumulation of 
groundwater and pollutants in aquifers and to the 
construction of conceptual, mathematical and nu- 
merical models. A large part of the book is con- 
cerned with actual numerical models, mainly based 
on the finite difference and finite element methods. 
A large number of complete computer programs, 
in BASIC, are included. The programs can be run 
on personal computers and are both educational 
and ‘semi-professional’. Programs are presented for 
both steady and unsteady two-dimensional flow in 
nonhomogeneous aquifers, for flow through dams, 
for the transport of pollutants by advection and by 
dispersion, and for saltwater intrusion problems. 
(Lantz-PTT) 

W89-01810 


MODERN TRENDS IN TRACER HYDROLO- 
GY. VOLUME I. 

CRC Press, Inc., Boca Raton, FL. 1987. 145p. 
Edited by Emilian Gaspar. 


Descriptors: *Groundwater movement, *Geohy- 
drology, *Tracers, Environmental tracers, Statisti- 
cal methods, Hydrology, Radioactive tracers, 
Monte Carlo Method, Porous media, Filtration, 
Flow profiles, Flow velocity, Permeability, 
Aquifers, Computer models, Model studies, Flow 
pattern, Simulation analysis. 


The ever-pressing need for potable and industrial 
waters as well as the intensive exploitation of geo- 
thermal waters in conditions in which stringent 
ecological problems have cropped up owing to a 
continuous rise in water pollution, call for ever 
more accurate techniques for assessment and opti- 
mization of the exploitation and management of 
these resources. Owing to the scarcity of aquifer 
resources, various solutions ranging from the 
great-depth drillings in the Sahara to the capitaliza- 
tion of the aquiferous potential of Antarctica, have 
been adopted. After 1960, constant attention has 
been paid to the supplementation of the classical 
methods with tracer techniques (environmental 
isotopes and artificial tracers) in order to use the 
natural resources of the earth. The rising interest in 
tracer hydrology is particularly significant since 
the problems related to the development of water 
resources are among the most vital questions that 
face the world today. For this reason, and not only 
in this field, cooperation is now even more essen- 
tial than before. Chapter 1 deals with the most 
important natural (environmental isotopes, the 
water chemistry, microfauna) and artificial tracers 
(fluorescent dyes, salts, radioactive and activable 
isotopes, biological or other tracers) and highlights 
their characteristics and limitations, as well as the 
prospects of their utilization. The behavior of arti- 
ficial tracers is approached in Chapter 2, which 
also refers to the factors that contribute to the 
variation in tracer concentration in time and space 
as a result of the physical, chemical, and biological 
interactions with the air, water, rocks, and the 
biological medium in which it moves. Modern 
tracer methodology, data processing, the selection 
of flow patterns, the use of transfer functions, the 
principles of the Monte Carlo method, and com- 
puter simulation are the themes of Chapters 3 and 
4. (See W89-01981 thru W89-01985; W89-01986) 
(Lantz-PTT) 

W89-01981 


HYDROLOGICAL TRACERS, 

Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

For primary bibliographic entry see Field 7B. 
W89-01982 


BEHAVIOR OF ARTIFICIAL TRACERS, 





Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

For primary bibliographic entry see Field 7B. 
W89-01983 


MODERN TRENDS IN TRACER HYDROLO- 
GY. VOLUME II. 

CRC Press, Inc., Boca Raton, FL. 1987. 137p. 
Edited by Emilian Gaspar. 


Descriptors: *Groundwater movement, *Geohy- 
drology, *Tracers, Environmental tracers, Hydrol- 
ogy, Radioactive tracers, Monte Carlo Method, 
Porous media, Filtration, Flow profiles, Flow ve- 
locity, Permeability, Aquifers, Computer models, 
Model studies, Flow pattern, Simulation analysis, 
Geothermal resources, Karst hydrology. 


The ever-pressing need for potable and industrial 
waters as well as the intensive exploitation of geo- 
thermal waters in conditions in which stringent 
ecological problems have cropped up owing to a 
continuous rise in water pollution, call for ever 
more accurate techniques for assessment and opti- 
mization of the exploitation and management of 
these resources. Owing to the scarcity of aquifer 
resources, various solutions ranging from the 
great-depth drillings in the Sahara to the capitaliza- 
tion of the aquifer potential of Antarctica, have 
been adopted. After 1960, constant attention has 
been paid to the supplementation of the classical 
methods with tracer techniques (environmental 
isotopes and artificial tracers) in order to use the 
natural resources of the earth. The rising interest in 
tracer hydrology is particularly significant since 
the problems related to the development of water 
resources are among the most vital questions that 
face the world today. For this reason, and not only 
in this field, cooperation is now even more essen- 
tial than before. Chapter 5 is a review of the 
radioactive tracer methods involved in determina- 
tions of the characteristics of water flow through 
porous media (filtration velocity, real velocity, 
flow direction, vertical streams) and of the param- 
eters of water-bearing layers (permeability, porosi- 
ty, dispersivity) with the help of one or several 
wells. A special chapter (6) is devoted to tracer 
study of hydrokarstic structures owing to the topi- 
cal character of this field; carbonaceous rocks 
cover roughly 10% of the continental area which 
feature karstification processes. Specific methodol- 
ogy, goals, and prospects of tracings in karsts case 
studies are presented, analyzed, and discussed. 
Chapter 7 is related to the investigation of geother- 
mal systems using environmental isotopes, noble 
gases, dating of thermal waters, and chemical and 
isotopic geothermometers. (See W89-01987 thru 
W89-01989; W89-01981) (Lantz-PTT) 

W89-01986 


CHARACTERISTICS OF AQUIFERS IN 
POROUS MEDIA, 

Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

E. Gaspar. 

IN: Modern Trends in Tracer Hydrology. Volume 
II. CRC Press, Inc., Boca Raton. 1987. p 1-30, 11 
fig, 62 ref. 


Descriptors: *Geohydrology, *Aquifer character- 
istics, *Aquifers, *Groundwater movement, 
*Porous media, *Hydrologic properties, *Tracers, 
Radioactive tracers, Flow profiles, Hydrologic 
studies, Flow patterns. 


A rational exploitation of aquifer calls for accurate 
knowledge of both the characteristics of water- 
bearing strata and the dynamics of underground 
waters. Artificial tracers, and, among them, radio- 
active tracers in particular, have been broadly ap- 
plied to saturated porous media and sometimes also 
to aquifers of consolidated media. They allow for 
quite accurate assessments - and at a low price, for 
that matter - of both flow characteristics and cer- 
tain constants of the investigated medium. The 
tracer methods that use one or more wells are 
generally additional methods of study which, in 
combination with other techniques, yield remarka- 
ble results. Single- and multiwell techniques supply 
information concerning morphology and hydrolo- 
gical behavior in the different subsurface layers 


which are crossed by a well; these pieces of infor- 
mation cannot be obtained through other methods. 
Single-well data reflect microscopic flow patterns. 
That is why single-well techniques are employed 
when highly detailed hydrogeological information 
is needed. Multiwell techniques are unique meth- 
ods of determining either the hydrological features 
or the vulnerability of aquifers to chemical, radio- 
active, or bacteriological pollution; furthermore, 
they may also be employed as methods to comple- 
ment conventional investigations or investigations 
based on environmental tracers. Moreover, both 
the basic theory behind these techniques and the 
experimental methods have been perfected. Conse- 
quently, an important evolution in the near future 
cannot be expected; however, their applications 
will expand. (See also W89-01986) (Lantz-PTT) 
W89-01987 


FLOWTHROUGH HYDROKARSTIC STRUC- 
TURES. 


Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

E. Gaspar. 

IN: Modern Trends in Tracer Hydrology. Volume 
II. CRC Press, Inc., Boca Raton. 1987. p 31-93, 40 
fig, 1 tab, 101 ref. 


Descriptors: *Karst, *Karst hydrology, *Ground- 
water movement, *Hydrologic studies, *Tracers, 
Sinks, Geohydrology, Model studies, Precipitation, 
Discharge, Evapotranspiration, Radioisotopes, Ra- 
dioactive tracers, Mathematical studies. 


Flow in karstic structures may be modeled if the 
input and output functions are known. The input 
and output functions may be the chronological 
series of precipitations, on one had, and the out- 
flowing discharges, on the other. A number of 
difficulties is encountered: precipitation measure- 
ments are known to be less accurate (as their 
special variability is substantial), evapotranspira- 
tion is difficult to assess, and the relations em- 
ployed to compute it are not altogether satisfac- 
tory. As they are used in the study of karst behav- 
ior, artificial tracers may supply special items of 
information if successive labelings are performed in 
periods of low flow, in periods of flood, or under 
conditions of mean discharges. However, prior to 
applying transfer functions to the study of karst 
behavior, the system under investigation should be 
defined. There are two methods whereby research 
aimed at defining a karstic system may be ap- 
proached: (1) Knowledge of all losses and outflows 
from karst to establish whether or not it belongs to 
a system; and (2) Research into the possibilities of 
the existence of excess outlets (which are therefore 
operational only in cases of high discharges) or of 
uncontrolled inputs, starting from a surveillance of 
the main emergence of the system. Recent research 
under way in various laboratories will encourage 
the use of tracer methods in karsts, aimed at the 
following major targets: (1) The expansion of the 
range of artificial tracers which should not be 
contained in the investigated medium; (2) The use 
of advanced techniques to measure small amounts 
of environmental isotopes and determine the water 
imprint given by the natural elements that are 
dissolved in concentrations below 10 to the -11th 
gm/cu cm; (3) The improvement of knowledge in 
the range of values for basic aquifer parameters of 
the conduit, diffuse, and fissure systems, a very 
promising technique being the use of the variability 
of natural radon activity in groundwaters as a 
measure of the importance of fissure flows and 
water mobility; and (4) The development of mathe- 
matical patterns to model the flow of water in 
karsts for vast areas, under different hydrological 
conditions, to achieve an interpretation of experi- 
mental data as close to reality as possible. (See also 
W89-01986) (Lantz-PTT) 

W89-01988 


TRACER INVESTIGATIONS IN 
MAL SYSTEMS, 

Institutul de Meteorologie si Hidrologie, Bucharest 
(Romania). Environmental Isotope Lab. 

A. Tenu. 

IN: Modern Trends in Tracer Hydrology. Volume 
II. CRC Press, Inc., Boca Raton. 1987. p 95-130, 9 
fig, 2 tab, 133 ref. 


GEOTHER- 


WATER CYCLE—Field 2 


Groundwater—Group 2F 


Descriptors: *Geothermal studies, *Tracers, 
*Groundwater movement, *Thermal waters, 
*Geohydrology, Groundwater recharge, Hydro- 
logic studies, Noble gases, Isotopes, Aquifers, 
Water budget, Thermal conductivity. 


Unlike other energy resources connected with the 
geologic field - coal, oil, and uranium ores - geo- 
thermal water exploitation displays a peculiarity in 
that hot waters are theoretically r bh 
through recharge from recent waters. It is there- 
fore necessary to thoroughly study the aquifer not 
only from a geometrical, quantitative, and qualita- 
tive standpoint but also from a hydrodynamic one. 
In order to study the geometrical requirements, 
combined classical methods (geological, geophysi- 
cal, hydrogeological, hydrogeochemical, etc.) 
were resorted to which ultimately led to the identi- 
fication of the water-bearing formations and their 
geometrical parameters, to the hydraulic and hy- 
drochemical point characteristics, and even to the 
computation of the stored water volume. Never- 
theless, the major problem to be solved with most 
geothermal aquifers is the accurate assessment of 
their exploitation, given stable quantitative and 
qualitative characteristics over time, required first 
and foremost for economic reasons. An essential 
contribution to the elucidation of these problems 
may be made by geochemical methods, particular- 
ly by the environmental isotopes, as they display 
wide possibilities for tracing actual water mole- 
cules along their track into the ground and for 
establishing their relative age. Moreover, other 
aspects connected with the study of geothermal 
fluids may be explained: the modifications occur- 
ring in the process of cooling by thermal conduc- 
tivity during the rise of water up to the surface, the 
mixture with cold water, or the vapor losses. The 
chemical and isotopic tracers are very helpful at 
the prospecting and exploration stages in assessing 
the fluid temperature in the geothermal reservoir, 
taking into account the natural and artificial emer- 
gences in the area. Similarly, the variations within 
the contents of the noble gases used as tracers may 
largely contribute to useful elucidations at all re- 
search stages on geothermal waters, supporting or 
refuting certain hypotheses suggested by other 
geochemical methods. (See also W89-01986) 
(Lantz-PTT) 
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Public concern has risen as increasing population 
and industrial growth have placed heavier de- 
mands on the existing water supply system, espe- 
cially groundwater. In excess of 95% of this na- 
tion’s rural inhabitants and > 50% of its urban 
residents depend on groundwater for drinking 
water. Pollution of groundwater from industrial, 
domestic and agricultural chemicals presents a seri- 
ous threat. For example, there are an estimated 
181,000 industrial surface lagoons or impound- 
ments in addition to more than 16,000 industrial 
landfill sites containing hazardous wastes, 18,500 
active municipal landfills, and 20 million septic 
systems. Each year in the United States, farmers 
apply approximately 11.5 million tons of commer- 
cial nitrogen fertilizers and 1.1 billion tons of 
animal manure. In addition, approximately 700 mil- 
lion pounds of pesticides are used in the United 
States each year, and between 3.5 and 21 million 
pounds (0.5% to 3%) are estimated to gravitate to 
the ground or surface water resources. The book is 
organized into six major sections: (1) overview; (2) 
sources and impacts; (3) assessment and modeling; 
(4) drinking water standards, health implications 
and risk considerations; (5) regulation and remedial 
action; and (6) strategies and assistance. (See W89- 
02197 thru W89-02222) (Lantz-PTT) 
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The most serious and fundamental groundwater 
problem Michigan faces is communication. Specifi- 
cally, the problem is how to deal with the complex 
maze of data and information that is available on 
groundwater quality issues. These problems range 
from mechanisms of chemical and biological trans- 
port (which are often simulated with computer 
programs) to the difficult regulation and policy 
decisions about groundwater. Three major topics 
are addressed: (1) a brief summary of the Michigan 
groundwater problem; (2) a suggestion of a general 
strategy for responding to this problem; and (3) an 
example of the proposed strategy. The type of 
system which has been developed to address this 
problem at Michigan State University is the Spatial 
Information Management System (SIMS). SIMS 
consists of the following components: (1) geo- 
graphic information system; (2) a tabular data base 
containing water quality data; and (3) a series of 
computer models which make generalizations and 
forecasts based on the geographic information 
system and tabular data base. (See also W89-02196) 
(Lantz-PTT) 
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Although recharge mechanisms are reasonably 
well known, deficiencies are evident in quantifying 
the various elements - in this respect the use of 
tracer techniques and remote sensing offer interest- 
ing potential. Differences in sources and processes 
of recharge in humid climates compared with arid/ 
semi-arid areas mean that applicability of available 
estimation techniques will be different. Under arid 
conditions recharge is intermittent and concentrat- 
ed in small areas. In many instances, especially in 
developing countries, there are inadequate data to 
obtain reasonable recharge model calibration. 
However, in most cases, if a flexible approach to 
project design or management strategy is adopted, 
the necessary data can be collected within the 
operation of normal groundwater production. A 
workshop was held to critically address such spe- 
cific topics as recharge determination methodolo- 
gy, estimation with inadequate data and regional- 
ization of point observations. This volume repre- 
sents the formal proceedings of this meeting, and 
contains delivered keynote addresses and a selec- 
tion of the offered papers divided into the follow- 
ing subject headings: groundwater recharge con- 
cepts; groundwater recharge estimation: physical/ 
chemical methods; groundwater recharge estima- 
tion: numerical modelling techniques; applications 
and case studies; and zone humid recharge: a com- 
parative analysis. (See W89-02224 thru W89-02255) 
(Lantz-PTT) 
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The present state of knowledge in the field of 
groundwater recharge does not allow any particu- 
lar preferred concept for future research. Howev- 
er, results which have been achieved elsewhere are 
at least worthwhile for selecting particularly im- 
portant topics. One of them seems to be analysis of 
the disproportion between the concept of regional- 
ly smoothed properties of the soil/aquifer system 
on one hand and possible occurrence of preferred 
pathways on the other. These conclusions can lead 
to a qualitatively new point of view on the vertical 


flow in unsaturated and saturated zones. Also the 
combined effect of vertical and horizontal re- 
charge time of residence and its variability needs to 
be analyzed in relation to the validity of water 
balance equations. A joint impact of all parameters 
influencing the recharge processes should be ana- 
lyzed by statistical and deterministic methods. In 
particular the role of changing vegetational pattern 
in the formation of groundwater recharge should 
be examined. As far as arid and semiarid regions 
are concerned, more experiments and measure- 
ments of groundwater recharge have to be per- 
formed under ecological conditions of aridity. 
Such an approach may result in more definite 
conclusions on the regional validity of various 
concepts developed under temperate conditions. 
Groundwater recharge processes should be ana- 
lyzed in the regions with sparse localized water 
supply with the aim to develop effective methods 
of recharge regulation. (See also W89-02223) 
(Lantz- 

W89-02224 


UNEXPECTED FACTOR AFFECTING RE- 
CHARGE FROM EPHEMERAL RIVER FLOWS 
IN SWA/ NAMIBIA, 

Department of Water Affairs, Windhoek (Na- 
mibia). 

S. Crerar, R. G. Fry, P. M. Slater, G. van 
Langenhove, and D. Wheeler. 

IN: Estimation of Natural Groundwater Recharge. 
Mathematical and Physical Sciences Vol. 222. D. 
Reidel Publishing Co., Boston, Massachusetts. 
1988. p 11-28, 12 fig, 4 tab, 2 ref. 


Descriptors: *Groundwater recharge, *Ephemeral 
streams, *River flow, *Namibia, *Surface-ground- 
water relations, *Recharge, *Alluvial aquifers, 
Floods, Channels, Silt, Aquifers. 


The processes controlling recharge to alluvial 
groundwater have presented complex and even 
intractable hurdles to accurate estimates of this 
parameter. Casual observations in ephemeral rivers 
in SWA/Namibia have indicated that variable re- 
charge quantities result from similar flood events. 
For this reason the Department of Water Affairs 
initiated a research project to identify and investi- 
gate relevant parameters. To achieve these objec- 
tives three carefully chosen natural channel sec- 
tions were identified for instrumentation, a simulat- 
ed channel was constructed under laboratory con- 
ditions and the basis of a mathematical model laid 
down. This paper comments on the field and labo- 
ratory instrumentation applied and the results de- 
rived from the first fully instrumented natural river 
channel for which two seasons of flood flow and 
resultant recharge data are available. These results 
are compared with laboratory trials for a range of 
flow regimes. While this work is at an early stage, 
it has already become clear that silt carried by 
flood waters can effectively seal the alluvial sur- 
face even during the flood event at unexpectedly 
high flow velocities. Thus the other processes con- 
trolling recharge in the unsaturated zone may 
become relatively unimportant for much of the 
duration of any given flood event. (See also W89- 
02223) (Author’s abstract) 
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Two components of one aquifer system can be 
distinguished in Burkina Faso: The alteration zone 
and the fractured bedrock aquifer. Where a satu- 
rated weathered mantle is present over large areas 





the aquifer may be considered as continuous. It 
was found that even in regions with a thin or 
absent saturated weathered mantle, continuity in 
the aquifer system must be present. Fluctuations of 
the groundwater table and piezometric contour 
maps have shown that a regional recharge-dis- 
charge system is present. A rough groundwater 
balance in the central part of the country and 
chloride concentrations in the groundwater pro- 
vide evidence that the main discharge system is 
lateral groundwater flow. This flow is concentrat- 
ed in the fractured bedrock as permeabilities of the 
weathered mantle are very low. The volume of 
lateral flow is of the same order of magnitude as 
the actual recharge. In the north, with lower actual 
recharge and only a thin or absent saturated weath- 
ered mantle, continuity of the aquifer system is less 
evident but regional groundwater flow does occur. 
In the south, with a thick weathered mantle and 
higher groundwater tables, weathering processes 
are more intense resulting in a higher degree of 
continuity. The study for the future water supply 
of Ougadougou has shown that for high yield 
urban water supply wells, both components of the 
aquifer system should be well developed, i.e. a 
thick saturated weathered mantle and fractured 
bedrock with good lateral continuity. Exploration 
for urban wells should therefore be focussed on 
first delineating areas with a thick saturated mantle 
and subsequently locating within this area the 
broken zones. (See also W89-02223) (Lantz-PTT) 
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In this review, only some of the techniques avail- 
able for estimating groundwater recharge have 
been presented. The discussion has concentrated 
on recharge to unconfined aquifers in areas of 
reasonably low rainfall (<700 mm/a). It is likely 
that, the greater the aridity, the smaller and more 
variable the recharge flux will become. This sug- 
gests that chemical and isotopic methods are likely 
to be more successful than the physical methods 
which rely on a direct measurement of a water 
flux. An additional advantage of tracers is that 
their diffusivity is much less variable with change 
in water content or soil type than the diffusivity of 
soil water. In estimation of recharge, a tracer like 
tritium relies on estimation of the amount of the 
tracer beneath the soil surface, thus the precision 
of the estimate of recharge will increase with re- 
charge rate. In contrast, for a tracer like chloride, 
the concentration of which is inversely proportion- 
al to recharge rate, the precision of the estimate 
will increase with decrease in recharge rate. The 
estimation of recharge rate from investigations of 
profiles of tracer concentration (e.g. chloride) 
under some conditions, relies critically on a knowl- 
edge of the tracer diffusivity and hence on tortuos- 
ity. Estimation of this parameter remains a critical 
problem. Probably the most difficult and important 
problem to be overcome in estimation of recharge 
is the prediction and assessment of its variability. 
Over some quite large areas it appears to show 
little lateral variability, while in other, apparently 
similar areas it can range over at least an order of 
magnitude. (See also W89-02223) (Lantz-PTT) 
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Determination of groundwater recharge in semi- 
arid regions by the classical water balance ap- 
proach is of limited practical value, because in 
general the evapotranspiration and the groundwat- 
er discharge component are not directly measura- 
ble. Moreover, the storage of moisture in the un- 
saturated zone and the rates of infiltration along 
the various possible routes to the aquifer form 
important and uncertain factors. Linked in with 
plans to extend and upgrade the existing ground- 
water monitoring network of important aquifers in 
eastern Botswana, a thorough and long-term study 
is proposed, not only of moisture transport but also 
of dynamic aspects of groundwater replenishment. 
Most difficult to analyze is the infiltration through 
thin soils of varying permeability into fissures and 
cracks of underlying rocks. It seems that some of 
these processes are also non-linear functions of 
accumulated rainfall for the simple reason that soil 
permeability increases with moisture content and 
when saturation has been reached, the rate of 
infiltration is determined by the height of the 
ponded water on the surface. In the analysis of the 
complete system of the aquifer and its catchment, a 
careful study must be made of this dynamic re- 
sponse of each of the elements in the system to 
possible successions of rainfall events. This can 
only be done when the whole range of soil physi- 
cal, isotopic and solute transport methods is ap- 
plied to a few test areas over an extended period of 
time. (See also W89-02223) (Lantz-PTT) 
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Investigated is the infiltration-recharge phenomena 
in a representative alluvial wadi system in order to 
determine the factors influencing it, and formulate 
a groundwater recharge model. To achieve this 
goal a three kilometer experimental reach in one of 
the representative basins of the south-western part 
of Saudi Arabia was selected and instrumented 
with a data acquisition system to continuously 
monitor hydrological variables on rainfall, runoff, 
groundwater fluctuations, evapotranspiration, and 
soil temperature and moisture variation. Analysis 
of data reveaied different recharge responses at 
each well due to soil heterogeneity and moisture 
variation. The developed —— models show 
that the maximum flood hydrograph depth is the 
most important influencing factor affecting re- 
charge. Also, factors such as rainfall depth and 
depth to water table affected the recharge rate. 
(See also W89-02223) (Author's abstract) 
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Conventional methods for recharge estimation 
have limitations when applied to arid and semiarid 
regions; the use of tritium profiles is also not 
always applicable. Unsaturated zone solute pro- 
files, using a reference solute such as chloride, 
offer an alternative technique. Sampling may be 
undertaken by percussion drilling, augering or 
from dug wells; the methods developed are de- 
scribed and examples discussed. Recharge esti- 
mates using chloride profiles from Cyprus (420 mm 
mean annual rainfall) are in good agreement with 
results estimated from tritium profiles and indicate 
a mean annual recharge of around 50 mm/yr. In 
Central Sudan (180 mm mean annual rainfall), 
good agreement was found between adjacent un- 
saturated zone chloride profiles and these indicated 
a net annual direct recharge via interfluve areas of 
around 1 mm/yr. It is concluded that solute pro- 
files offer a cheap and effective tool for estimating 
direct recharge history, providing input data for 
chloride are available. In more arid regions, how- 
ever, a component of discharge may occur during 
hyperarid episodes. Further validation of moisture 
composition using stable isotope techniques is re- 
quired under such conditions. (See also W89- 
02223) (Author’s abstract) 
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Presented are methods for computing long-term, 
average recharge rates to groundwater from the 
analyses of the depth-distribution of environmental 
chloride in the unsaturated zone. A one-dimension- 
al equation, incorporating convective and diffusion 
terms, describing steady-state transport of non-re- 
active solutes, is solved in an inverse fashion, ena- 
bling computation of the depth-distribution of ver- 
tical water flux density. This and other simplified 
models were applied to interpret the observed 
chloride profiles beneath native vegetation in two 
coastal regions of Western Australia. The presence 
of preferred pathways for water movement has 
been suggested for both regions. In the sandy 
coastal region, the overall recharge was some 15% 
of the annual precipitation (775 mm/yr). Over 50% 
of this recharge occurs through preferred path- 
ways. In the profiles of the south-western region, 
the majority of recharge occurs through preferred 
pathways since the estimated recharge through the 
soil matrix is negligible (<0.5% annual rainfall). 
The limitations of using a simple one-di i 
model for such — lateritic profiles are dis- 
cussed. (See also W89-02223) (Author's abstract) 
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The injected Tritium technique was used for esti- 
mation of recharge from 1978 monsoon precipita- 
tion to the phreatic aquifers of the West Survarna- 
mukhi sub-basin, forming a part of the Vedavati 
basin and having an area of 958 sq km, covered 
with granite, gneisses, and schists. Recharge was 
measured at 20 sites, of which 6 were in schists and 
the rest in gneisses. Displacement of tritium tracer 
peak in the unsaturated Alfisol zone was used for 
measuring the spot values of recharge which 
varied from 0 mm to 127 mm. The average re- 
charge calculated from spot values was found to be 
39.2 mm or 8.5% of the seasonal rainfall. The input 
to the groundwater regime of the basin, calculated 
by using the Thiessen polygon method works out 
to be 43.8 million cu m (MCM). A regional 
groundwater model of the Vedavati basin has re- 
cently been prepared. Based on water level fluctu- 
ation data for the period November 1977 to No- 
vember 1978, these authors have estimated the 
annual recharge for various parts of the Vedavati 
basin. The annual recharge or safe yield value for 
West-Survarnamukhi basin, obtainable from the 
model, is 42.5 mm. Thus, an agreement between 
recharge values estimated from tritium injection in 
the unsaturated zone, and from a model calibrated 
with water level fluctuations in the saturated zone 
is observed in the case of West Survarnamukhi 
basin. (See also W89-02223) (Author’s abstract) 
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Studies on natural recharge to the groundwater is 
an important parameter for careful assessment of 
groundwater potential in arid regions. In this 
paper, the use of both environmental (2-H, 18-O 
and 14-C) and artificial (3-H and 60-Co) isotopes in 
understanding the nature of recharge and recharge 
condition of groundwater in certain parts of arid 
Western — are pr d and di d in 
the light of results of other investigations. The 
injected radiotracer studies show that most of the 
arid areas have very little contribution toward 
groundwater from local precipitation with few ex- 
ceptions. The natural recharge in Siwana region 
worked out to about 1% of the rainfall from 1982 
to 1985 and at Jodhpur it is around 13% of the 
rainfall from 1983 to 1985. The environmental iso- 
tope study shows that the artesian flowing well 
and other deep dug/tube wells have waters which 
are ancient and recharged during a more moist and 








pos riod than the present. The deep wells were 
ly recharged remotely through distant out- 
crop areas. The shallow and deeper aquifers appear 
interconnected as evidenced by their stable 
ieottile compositions. (See also W89-02223) 
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Recharge estimation can be based on a wide varie- 
ty of models which are designed to represent the 
actual physical processes. This paper considers the 
direct estimation of recharge using soil moisture 
balance models, recharge due to losses from irriga- 
tion schemes, the influence of the unsaturated zone 
and recharge due to rivers and other sources of 
runoff. A study of the water table fluctuation 
method indicates that indirect methods often pro- 
vide unreliable estimates. Several examples are in- 
cluded to demonstrate that, by identifying and 
representing the flow mechanisms, realistic esti- 
mates of recharge can be made. (See also W89- 
02223) (Author’s abstract) 
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Six different methods for estimation of natural 
groundwater recharge directly from precipitation 
were tested and compared in a sandy till area in 
southeastern Sweden. A one dimensional soil 
water flow model was tested against observed 
groundwater levels. The fit between simulated and 
observed groundwater levels was shown to be 
rather insensitive to displacements between evapo- 
transpiration and groundwater recharge. Applying 
a single soil moisture reservoir method, recharge 
had to be allowed even when a moisture deficit 
existed in order to correctly reproduce the dynam- 
ics revealed as groundwater level fluctuations. The 
estimation made from groundwater level fluctua- 
tions and a specific yield value was not satisfac- 
tory. Comparisons of chloride deposition and con- 
centration in spring discharge gave promising re- 
sults for studies of relative areal variability of 
recharge. Spring discharge measurements and a 
catchment area model, calibrated against them, 
gave valuable information of total recharge quanti- 
ties, which could be used for comparisons with the 
other methods. The study clearly demonstrated the 
need for comparative studies with several methods, 
since all estimations suffered from substantial un- 
certainty. (See also W89-02223) (Author’s abstract) 
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The Boussinesq equation permits, in principle, esti- 
mation of recharge for steady groundwater flow 
by taking derivatives of hydraulic head and trans- 
missivity functions. The obstacles for doing this 
are as follows. Taking derivatives of the spatially- 
distributed data, even when they are known at 
every point, leads to numerical instability. Hydrau- 
lic heads are always measured with inaccuracies. 
Differentiating this ‘noisy’ data leads to large 
errors in recharge estimation. It is shown that by 
using a special modification of the Boussinesq 
equation it is possible to overcome all three diffi- 
culties simultaneously. (See also W89-02223) 
(Lantz-PTT) 
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A numerical model has been developed for calcu- 
lating the groundwater recharge at areas with or 
without a thin soil cover (up to 20 cm) underlain 
by hard- rock formations. The system is simulated 
by hydrologic routing through a number of serially 
arranged linear reservoirs. The point rainfall is 
being converted, by daily moisture accounting, 
into effective rainfall. This, in turn, is being con- 
verted into the water table response by the convo- 
lution operation. The unknown model parameters 
are calibrated, using an automatic optimization 
procedure based on the criterion to minimize the 
error differences between the recorded water table 
recovery and the simulated one. The minimum 
required input data are daily readings of the water 
tabie in an observation well, near the topographic 
water divide (or just downstream an aquifuge), and 
daily rainfall figures from a rain gauge close to the 
well. The proposed model has been applied to a 
site in the central part of South Africa with prom- 
ising results. (See also W89-02223) (Author’s ab- 
stract) 
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Groundwater is one of the most important and 
widely distributed resources of the earth. Ground- 
water development forms the bulk of irrigation 
development programs in most of the states of 
India. For planned development of groundwater 
resources it becomes essential to quantify the 





groundwater resources of different administrative 
units/basins on a realistic basis. Since groundwater 
is a dynamic and replenishable resource, its poten- 
tial is generally estimated from the component of 
annual recharge which could be develo by 
means of suitable groundwater structures. The nat- 
ural recharge to an aquifer in a groundwater ‘hone 
from precipitation is computed by various meth- 
ods. Some of the methods in vogue in India are: (1) 
empirical methods; (2) we budgeting meth- 
ods; and (3) groundwater level fluctuations. Each 
of these methods is discussed in this paper. (See 
also W89-02223) (Lantz-PTT) 
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A mathematical model for the estimation of daily 
sequential water balances is presented. The follow- 
ing hydrologic variables are updated daily by the 
model: precipitation runoff, evapotranspiration, 
soil moisture and deep recharge of aquifers. The 
model was used with good results in the study of 
water resources of several Portuguese watersheds. 
The results obtained with this model are however 
hi pe | dependent on the values ascribed to the 
ulation of the weighted runoff curve number 
and the amount of water necessary to increase the 
soil moisture of the evapotranspiration zone from 
its lower-most value to the specific retention of the 
soil, which have a difficult calibration procedure. 
Experience gathered with the use of this model 
shows that very precise results should not be ex- 
pected from its use. However, the existence of an 
acceptable range of values for runoff and aquifer 
recharge may be very useful in water resources 
evaluation, when only scarce hydrologic and geo- 
hydrologic data are available. Computed values, 
even when they cannot be used directly as definite 
results, may be used as geohydrologic tools in the 
overall assessment of recharge conditions. (See 
also W89-02223) (Lantz-PTT) 
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Where the geohydrological database and project 
constraints permit, the application of various inde- 
pendent physical and chemical methods is likely to 
be the best way to improve knowledge of aquifer 
recharge mechanisms and rates. The selection of 
techniques depends mainly on the geohydrological 
environment, vegetation system, and on whether 
diffuse or localized recharge is likely to predomi- 
nate. The critical use of aquifer numerical distrib- 
uted-parameter models will normally be the most 
powerful and comprehensive method of improving 
recharge estimates. Such models also allow ap- 
praisal of the sensitivity of groundwater develop- 
ment options and management decisions to errors 
in the estimation of aquifer recharge rates and 


storage parameters, which is an essential proce- 
dure. In many instances, especially in developing 
nations, there are inadequate data, particularly on 
the aquifer response to groundwater abstraction, to 
reach adequate model calibration. However, in 
most cases, if a flexible approach to project design 
or management strategy is adopted, the necessary 
data can be coll within the operation of 
normal groundwater production provided a suita- 
ble observation borehole network is installed. It is 
important to consider the quality of present 
groundwater recharge, as well as its quantity, and 
the radical modifications to the groundwater re- 
charge regime which often occur in arid regions 
consequent upon agricultural development or ur- 
banization. (See also W89-02223) (Lantz-PTT) 
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Some 80% of the surface of Botswana is mantled 
with thick layers of Late-Cretaceous to Recent 
sandy deposits of the Kalahari semi-desert. Sedi- 
mentary and crystalline rocks of pre-Cretaceous 
age occur at or near the surface in the remaining 
eastern part of the country. Groundwater basins 
have been encountered in the bedrock below the 
Kalahari deposits all over the area, but no unanimi- 
ty has been reached on the question of the exist- 
ence of any present-day recharge. Replenishment 
of the aquifers in the outcrop areas of solid rocks is 
not disputed, but no reliable figures on the percola- 
tion rate could be established as yet. The various 
investigations and methods applied in recharge 
studies in Botswana - including mass balance meth- 
ods and isotope studies - are reviewed. (See also 
W89-02223) (Author’s abstract) 
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Recharge characteristics of the aquifers over the 
Jeddah-Makkah-Taif region of the Western Saudi 
Arabia were studied through environmental iso- 
tope techniques. Space and time variation of 
oxygen-18, deuterium and tritium in rainfall and in 
gee agers were analyzed. Variation of oxygen- 

8 with respect to the altitude in rain and ground- 
water are expressed as deltaO to the 18th = -4h + 
b and deltaO to the 18th = -1.4h - 0.70 respective- 
ly. The intercept of the regression equation for rain 
samples varies in a range of -2 to 8 per 
thousand O to the 18th indicating seasonal changes 
and multitude of moisture sources in the area. The 
recharge area is the mountainous zone. Recharge is 
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either direct or from the floods moving to the 
downstream reaches. (See also W89-02223) (Au- 
thor’s abstract) 
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Groundwater in the Comodoro Rivadavia area 
was studied using oxygen-18, deuterium, tritium 
and hydrochemical evolution. Stable isotopes in 
the multilayered system of the ‘pampa’ table - lands 
define mainly an origin in locally melted snow 
with isotope composition significantly different 
from rain water over the lower eastern zones. 
Recharge has been defined as direct and autochth- 
onous. Tritium contents suggest rather small re- 
charge in comparison with the large volume stored 
in the reservoir. In the neighboring hill zone, 
where discharge occurs, springs and wells show 
isotopic evidence of local flow. In the interhill 
subunit, regional flow shows salinization and iso- 
topic enrichment as a consequence of transit 
through marine facies and evaporation. In colluvial 
sediments groundwater exhibits higher tritium con- 
centration, lower salinity and an isotope enrich- 
ment, due to direct infiltration of local surface 
water. Allochthonous-to-local recharge ratios can 
be estimated by the isotopic composition of the 
mixture. In the beach ridges, regional flow and 
artificial recharge of imported waters, carried by 
an aqueduct, was isotopically evident. (See also 
W89-02223) (Author’s abstract) 
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Recharge characteristics of the groundwater 
aquifers over the western Saudi Arabia were inves- 
tigated. Average yield of each aquifer was propor- 
tional to that part of the catchment which lay in 
the semiarid zone. Recharge came directly from 
rain over outcropping rocks and the basalt plateau 
and resulted from floods in the alluvial aquifers. 
Pediment zones intercepted much of the runoff. 
(See also W89-02223) (Author’s abstract) 
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In the Western Taurus region that extends between 
the Lake District and the Mediterranean Sea, 
South-western Turkey, some of the largest karst 
aquifers in the world are to be bound. These are, 
from east to west, namely, the karst aquifers of the 
Manavgat river basin, the Koprucay river basin, 
the Aksu river basin and karst aquifers of the 
travertines of the Antalya plateau and the Kirkgoz 
Springs. Computation of recharge and discharge of 
the above listed aquifers has been made during the 
intensive and detailed geohydrological investiga- 
tion of the relevant basins. These water balance 
computations showed significant contribution by 
natural recharge from adjacent basins. In order to 
reach a higher degree of accuracy, the sources of 
errors must be analyzed before interpreting. The 
natural recharge in the southwestern Taurus 
Mountains region reaches up to 100 million cu m/ 
yr. Construction of geohydrotechnical projects 
must be planned taking into account both the natu- 
ral recharge and the area that provides this excess 
water. It is concluded that computations of water 
balance and consequently the natural recharge 
must reach a higher accuracy and new approaches 
and methods with well defined parameters. (See 
also W89-02223) (Lantz-PTT) 
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An estimation of recharge to an aquifer can be 
carried out on the basis of water balance in which 
the top surface of the catchment and the soil 
moisture zone are taken into account. The data 
required are daily precipitation and potential eva- 
potranspiration. The water balance can be verified 
on the basis of comparison of estimated stream 
flow with measured stream flow. The method is 
illustrated by application to estimation of the re- 
charge to a sand aquifer situated in the island of 
Mannar in north-west Sri Lanka. When the re- 
charge is correctly estimated, the quantitative re- 
sources of the aquifer can be evaluated and a 
scheme can be drawn up for its utilization. Further 
information regarding the behavior of the aquifer 
would emerge during the initial stages of its utiliza- 
tion as more data becomes available. The estimates 
of recharge as obtained by the method used in this 
study can be confirmed by a flow model of the 
aquifer whose results can be verified by compari- 
son with field data such as groundwater head 
distribution in space and time. The method used in 
this study also will give monthly or daily values of 
recharge. (See also W89-02223) (Lantz-PTT) 
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A study to critically and comparatively evaluate 
groundwater recharge into the small watersheds of 
the Imo River Basin, Nigeria, using three inde- 
pendent but cheap methods, is discussed. The 
methods include: groundwater recharge using a 
simplified equation that relates groundwater stage 
to actual recharge with the aid of the aquifer 
porosity; recharge from baseflow recession analy- 
sis; and recharge from a water balance method. 
The results show that recharge values obtained 
from the water balance method were consistently 
higher than values from the other methods and 
ranged from 13.15% to 43.19% of the annual rain- 
fall. Values obtained from baseflow recession anal- 
ysis were consistently lower and ranged from 
10.86% to 28.59%, while the values computed 
from the groundwater stage were moderate and 
ranged from 20.67% to 37.23% of the annual rain- 
fall in the watersheds. The recharge values ob- 
tained from the groundwater stage appear very 
reasonable. However, the method is affected by 
the local relief of the monitoring station and it is 
necessary to monitor at as many stations as are 
possible to increase the reliability of the results. 
The recharge values obtained from the different 
methods show good correlation with one another. 
In the absence of groundwater stage data, recharge 
may be satisfactorily estimated as the mean of the 
values obtained from the baseflow recession analy- 
sis and the water balance methods. (See also W89- 
02223) (Author’s abstract) 
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Quantitative estimation of annual recharge in the 
Bo Molopo dolomitic region (Western Transvaal) 
by means of the following equation, is demonstrat- 
ed with a great measure of success: RE(I) = 
A(RF(I) -B), where RE(I) is the annual recharge 
and RF(I) the annual precipitation. B represents 
the threshold rainfall that is required to effect 
recharge and A is a lumped catchment parameter. 
Values for A (ranging from 0,28 to 0,35) and for B 
(ranging from 310 to 360) were obtained using 
reference recharge values that were determined: 
from an interpretation of a sinkhole hydrograph; 
from water balance calculations. In checking the 
validity of the equation to estimate the average 
annual recharge RE, using the average annual rain- 
fall in different dolomitic areas, the following rela- 
tionship provided excellent results (correlation co- 
efficient of 0, 989): RE = 0,30 (RF - 313) where 
RF is the average annual rainfall. The latter equa- 
tion is regarded as the general relationship by 
which both annual and average recharge could be 
estimated for dolomitic regions in the summer rain- 
fall areas of South Africa. (See also W89-02223) 
(Author’s abstract) 
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Annual values of groundwater recharge expressed 
as an effective water-level rise were derived from 
an interpretation of the hydrographs of three moni- 
toring boreholes. Independent estimates of the av- 
erage annual recharge of the area were derived by 
means of the Darcy equation and by interpreta- 
tions of natural tritium profiles in the soil overbur- 
den. The effective porosity of the aquifer was 
calculated from the average annual recharge (66 
mm) and the average rise of the water level de- 
rived from the hydrographs. This effective porosi- 
ty (0, 0093) was used to convert the annual equiva- 
lent water-level rises to a depth of precipitation. 
The latter were plotted against annual rainfall and 
indicates a linear relationship with annual rainfall 
in excess of a threshold value ie. RE(I) = A 
(RF(I) -B) where RE(I) is the recharge and RF(I) 
the rainfall for the year I. B is the threshold rainfall 
with an average value of 395 mm and the coeffi- 
cient A is a lumped catchment parameter indicat- 
ing the fraction of the excess annual rainfall that 
represents recharge. For the Rietondale area A is 
about 0, 20 which implies that 20% of the excess 
rainfall constitutes recharge. The equation is simi- 
lar to that obtained in the Bo Molopo dolomite 
area but in that case A is 0, 30 and B is 313 mm. 
(See also W89-02223) (Author’s abstract) 
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wells, Groundwater level, Hydrologic models, 
Rainfall, Evapotranspiration, Calibration, Surface 
runoff, Recharge. 


An 8-year water-level record for an observation 
well in a granite environment in Ouagadougou 
(Burkina Faso) is analyzed using a lumped-parame- 
ter hydrological model. The model computes aqui- 
fer levels from rainfall and potential evapotranspir- 
ation data, and is calibrated with observed levels. 
Very satisfactory calibration is achieved, although 
aquifer levels have been dramatically declining 
since 1978. It appears that, even with small compu- 
tational time-steps, a unique solution for calibration 
is only possible if the precise storage coefficient is 
known or if surface runoff data are available. In 
the absence of such data, multiple calibrations dis- 
playing the same agreement with observed data 
give different values for aquifer recharge, although 
relative variation is the same from year to year. 
When used in conjunction with a long set of in-situ 
rainfall records, however, the various sets of pa- 
rameters applied result in almost-identical exten- 
sion of water-level data, an important advance. 
The models how that the 1978-1985 is period is 
typified by the lowest water levels encountered in 
at least 60 years, and that a return to a rainfall 
sequence near the long-term average would cause 
the level to rise, although only after a period of 7 
to 10 years. (See also W89-02223) (Author’s ab- 
stract) 

W89-02254 


HUMID AND ARID ZONE GROUNDWATER 
RECHARGE - A COMPARATIVE ANALYSIS, 
Bureau de Recherches Geologiques et Minieres, 
Orleans (France). 

G. Knutsson. 

IN: Estimation of Natural Groundwater Recharge. 
Mathematical and Physical Sciences Vol. 222. D. 
Reidel Publishing Co., Boston, Massachusetts. 
1988. p 493-504, 6 fig, 18 ref. 


Descriptors: *Groundwater recharge, *Humid 
areas, *Arid lands, *Recharge, *Hydrologic 
budget, Recharge, Aquifers, Wadi, River valleys, 





Comparison studies, Aeration zone, Precipitation, 
Evapotranspiration, Groundwater movement, 
Leaching. 


Humid climates - contrary to arid climates - are 
characterized by higher precipitation than evapo- 
transpiration. This means that water balance meth- 
ods for estimation of groundwater recharge are 
more useful in humid than in arid climates. 
Groundwater recharge in humid climates takes 
place more or less continuously by percolation in 
the unsaturated zone in the higher parts of the 
terrain and the water is discharged in the lower 
parts. This is contrary to the conditions in the arid 
climates, where the input of water is intermittent 
and the recharge is mainly localized to the lower 
parts of the terrain (river valleys, wadis) and rock 
outcrops. The unsaturated part of the ground with 
its vegetation is the crucial zone. THe dominating 
water movement is downward in humid climates 
with leaching and weathering, contrary to in arid 
climates, where there is an upward transport and 
enrichment of salts. The methods for estimation of 
groundwater recharge based on soil water balance 
or soil water flow are more important in humid 
than in arid climates. (See also W89-02223) (Au- 
thor’s abstract) 

W89-02255 


DESIGN AND CONSTRUCTION OF WATER 
WELLS: A GUIDE FOR ENGINEERS, 

National Water Well Association, Worthington, 
OH. 


For primary bibliographic entry see Field 8A. 
W89-02256 


2G. Water In Soils 


MODEL FOR INFILTRATION IN FROZEN 
SOILS THAT ACCOUNTS FOR WATER QUAL- 
ITY (UN MODELE POUR L’INFILTRATION 
DANS LES SOLS GELES TENANT COMPTE 
DE LA QUALITE DE L’EAU), 

Institut National de la Recherche Scientifique, 
Sainte-Foy (Quebec). Centre de l’Energie. 

F. Padilla, and P. Gelinas. 

Canadian Journal of Civil Engineering CJCEB8, 
Vol. 15, No. 2, p 263-274, April 1988. 8 fig, 60 ref. 
English summary. 


Descriptors: *Soil water, *Frozen soils, *Ground 
ice, *Infiltration, *Heat transport, *Solute trans- 
port, Stefan problem, Finite element method, 
Mathematical models, Simulation analysis, Aer- 
ation zone, Frost heaving, Flow discharge. 


The problems of infiltration of water and move- 
ment of solutes in frozen soils were solved using 
finite element methods for the numerical solution 
of water flow, heat flow, and solute movement 
transport in one dimension. These equations are 
coupled for the solution of Stefan’s problem for 
different conditions of ice in soils. The degrees of 
freedom of this problem are soil temperature, 
water pressure, and solute concentration. A model 
was proposed to simulate the presence and forma- 
tion of ice lenses in unsaturated and saturated soils. 
Early results are promising when compared to 
analytical solutions. Two extreme cases were con- 
sidered in applications: very wet and very dry 
soils. Frost heave and other parameters seem to 
have been properly simulated. The model consid- 
ers special phenomena related to colloidal soils; 
nevertheless, a comparison with field data is re- 
quired. (Author’s abstract) 

W89-01339 


HYDROLOGIC FACTORS TRIGGERING A 
SHALLOW HILLSLOPE FAILURE, 

California Univ., Santa Cruz. Dept. of Earth Sci- 
ences. 

M. E. Reid, H. P. Nielsen, and S. J. Dreiss. 
Bulletin of the Association of Engineering Geolo- 
gists AEGBBU, Vol. 25, No. 3, p 349-361, August 
1988. 12 fig, 2 tab, 34 ref. 


Descriptors: *Land slides, *Slope degradation, 
*Hydraulic gradient, *Mathematical models, 
*Saturated flow, Rainstorms, Precipitation, Rain- 


fall, Storms, Water level, Groundwater level, 
Water table, Perched water table, Model studies, 
Flow, Hydraulic conductivity, Mass wasting, Hy- 
drology. 


In February 1983, an intense rainstorm triggered a 
shallow, rapid slump/debris-flow on a monitored 
hillslope of coastal central California. Discontinu- 
ous records of rainfall and maximum groundwater 
levels within the slide mass were collected before 
and after the event. These water levels show the 
development of a shallow perched water table in 
soil overlying an older, low permeability landslide 
deposit. Although this perched water table had an 
overall downslope hydraulic gradient, the slope 
failure occurred in an area of localized gradient 
decrease or mounding. The cause of this localized 
mounding was not apparent from field observa- 
tions. A mathematical model of variably saturated 
water flow was used to investigate the pre-failure 
hillslope hydrology and to demonstrate a possible 
cause of the localized groundwater build-up. Simu- 
lations indicate that only a slight decrease in soil 
hydraulic conductivity, relative to the overall soil 
variability, would have been needed to create the 
observed build-up. (Author’s abstract) 

W89-01363 


ENHANCED  BIORECLAMATION, SOIL 
VENTING AND GROUND-WATER EXTRAC- 
TION: A COST-EFFECTIVENESS AND FEASI- 
BILITY COMPARISON, 

EA Engineering, Science, and Technology, Inc., 
Lafayette, CA. 

For primary bibliographic entry see Field 5G. 
W89-01540 


MULTI DEPTH SOIL GAS ANALYSES, 

San Diego State Univ., CA. Dept. of Geological 
Sciences. 

For primary bibliographic entry see Field 5A. 
W89-01550 


SOIL GAS SURVEY AS A PRELIMINARY IN- 
VESTIGATIVE TOOL FOR HYDROCARBON 
RELEASES: COST-EFFECTIVE FIELD TECH- 
NIQUES AND AN EVALUATION OF FACTORS 
INFLUENCING THE EFFECTIVENESS OF 
THE SURVEY, 

IEP, Inc., Northborough, MA. 

For primary bibliographic entry see Field 5A. 
W89-01551 


LABORATORY SETUP TO STUDY TWO-DI- 
MENSIONAL MULTIPHASE FLOW IN 
POROUS MEDIA, 

American Society for Engineering Education, 
Washington, DC. 

For primary bibliographic entry see Field 5B. 
W89-01553 


SORPTION AND MIGRATION OF ORGANIC 
CONTAMINANTS IN SOIL COLUMN, 

Rice Univ., Houston, TX. Dept. of Environmental 
Science and Engineering. 

For primary bibliographic entry see Field 5B. 
W89-01554 


MASS TRANSFER OF ORGANICS BETWEEN 
SOIL, WATER AND VAPOR PHASES: IMPLI- 
CATIONS FOR MONITORING, BIODEGRA- 
DATION AND REMEDIATION, 

Oregon Graduate Center, Beaverton. Dept. of En- 
vironmental Science and Engineering. 

For primary bibliographic entry see Field SB. 
W89-01559 


INFLUENCE OF PORE AIR/WATER EX- 
CHANGE ON THE DIFFUSION OF VOLATILE 
ORGANIC VAPORS IN SOIL, 

Connecticut Univ., Storrs. Dept. of Geology and 
Geophysics. 

For primary bibliographic entry see Field SB. 
W89-01560 


VADOSE MODEL OF GASOLINE LEAK, 


WATER CYCLE—Field 2 
Water In Soils—Group 2G 


Insitu Consulting, Laramie, WY 


For primary bibliographic entry see Field 5B. 
W89-01561 


ESTIMATES OF CONCENTRATIONS OF 
SOLUBLE PETROLEUM HYDROCARBONS 
MIGRATING INTO GROUND WATER FROM 
CONTAMINATED SOIL SOURCES, 

New Jersey Dept. of Environmental Protection, 
Trenton. Div. of Hazardous Site Migration. 

For primary bibliographic entry see Field 5B. 
W89-01562 


PENTACHLOROPHENOL ADSORPTION ON 
SOILS AND ITS POTENTIAL FOR MIGRA- 
TION INTO GROUND WATER, 

Missouri Univ., Columbia. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 5B. 
W89-01642 


INTERACTION OF CLAY AND INDUSTRIAL 
WASTE: A SUMMARY REVIEW, 

McGill Univ., Montreal (Quebec). Geotechnical 
Research Centre. 

For primary bibliographic entry see Field 5B. 
W89-01663 


MIGRATION OF ORGANIC FLUIDS IMMIS- 
CIBLE WITH WATER IN THE UNSATURATED 
AND SATURATED ZONES, 
Bundesanstalt fuer Gewaesserkunde, 
(Germany, F.R.). 

For primary bibliographic entry see Field 5B. 
W89-01665 


Koblenz 


CONCEPT OF EFFECTIVE POROSITY AND 
ITS MEASUREMENT IN SATURATED FINE- 
GRAINED POROUS MATERIALS, 

Illinois State Water Survey Div., Champaign. 

For primary bibliographic entry see Field 2F. 
W89-01672 


RESEARCH ON INTERCEPTION LOSSES 
AND SOIL MOISTURE RELATIONSHIPS, 
Northeastern Forest Experiment Station, Parsons, 
WV. Timber and Watershed Lab. 

For primary bibliographic entry see Field 2A. 
W89-01700 


SOIL ARTHROPODS AND THEIR ROLE IN 
DECOMPOSITION AND. MINERALIZATION 
PROCESSES, 

Kansas State Univ., Manhattan. Div. of Biology. 
T. R. Seastedt, and D. A. Crossley. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 233-243, 3 fig, 3 tab. 


Descriptors: *Ecosystems, *Soil environment, 
*Decomposition, *Litter, *Mineralization, *Arth- 
ropods, Lignin, Carbon, Nitrogen, Phosphorus, 
Detritus. 


Studies at Coweeta suggest that litter and soil 
arthropods are directly and indirectly responsible 
for a 20% to 40% increase in the cycling rates of 
most elements. The mechanisms responsible for 
these increased mineralization rates remain poorly 
known. It is not known if the net faunal effect is 
due to more efficient processing of nutrients by a 
continually cropped (hence, younger and more 
physiologically active) microflora, or if the re- 
sponse is primarily caused by a shift in the species 
composition of the microflora. An untested as- 
sumption is made that the faunal effects measured 
in the short-term studies can be extrapolated using 
standard exponential decay models. It was suggest- 
ed that decomposition apparently ceases when the 
ratio of lignin to lignin plus cellulose approaches a 
given value; a physical mixing or some other proc- 
ess that reduces overall lignin content of a sub- 
strate must occur. Research at the ecosystem level 
has indicted that the ratios of important elements 
such as C:N:P ratios may result in certain predict- 
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able patterns of energy allocation by plants. These 
patterns have subsequent consequences to consum- 
ers. Herbivores appear to both respond to plant C/ 
N ratios, and also cause changes that influence 
other consumers. A similar process also occurs 
within the detrital food web. Feeding activities of 
soil fauna produce measurable changes in the 
chemical content of the detritus, and this chemical- 
ly modified material influences the subsequent ac- 
tivities of detritivores and microbivores. At any 
given time, a system or subsystem such as the 
forest floor may therefore be represented by a 
nutrient and energy matrix that, free from extrinsic 
perturbation, will interact with the microclimate 
and generate a subsequent matrix. The soil arthro- 
pod fauna at Coweeta represents a major factor in 
the regulation of this nutrient and energy reservoir. 
Continued studies of soil invertebrates at Coweeta 
will undoubtedly contribute to the knowledge of 
these emerging patterns. (See also W89-01691) 
(Lantz-PTT) 

W89-01702 


VADOSE ZONE MODELING OF ORGANIC 
POLLUTANTS. 

For primary bibliographic entry see Field 5B. 
W89-01859 


OVERVIEW OF TERRESTRIAL PROCESSES 
AND MODELING, 

Aqua Terra Consultants, Palo Alto, CA. 

For primary bibliographic entry see Field 5B. 
W89-01860 


TRANSPORT MECHANISMS AND LOSS 
PATHWAYS FOR CHEMICALS IN SOIL, 
California Univ., Riverside. 

For primary bibliographic entry see Field SB. 
W89-01861 


GENERIC STEPS IN THE FIELD VALIDA- 
TION OF VADOSE ZONE FATE AND TRANS- 
PORT MODELS, 

Environmental Protection Agency, Las Vegas, 


NV. 
For primary bibliographic entry see Field 7C. 
W89-01862 


EXAMPLE FIELD TESTING OF SOIL FATE 
AND TRANSPORT MODEL, PRZM, DOUGH- 
ERTY PLAIN, GEORGIA, 

a Protection Agency, Las Vegas, 
For primary bibliographic entry see Field 5B. 
W89-01863 


EXAMPLE MODEL TESTING STUDIES, 
Aqua Terra Consultants, Palo Alto, CA. 

For primary bibliographic entry see Field 7C. 
W89-01864 


CHEMICAL MOVEMENT THROUGH SOIL, 
California Univ., Riverside. 

For primary bibliographic entry see Field 5B. 
W89-01865 


VOLATILIZATION FROM SOIL, 
California Univ., Riverside. 

For primary bibliographic entry see Field 5B. 
W89-01866 


ADSORPTION 
ONTO SOIL, 
California Univ., Riverside. 

For primary bibliographic entry see Field 5B. 
W89-01867 


OF ORGANIC CHEMICALS 


BIOTRANSFORMATION, 

Iowa Univ., Iowa City. 

For primary bibliographic entry see Field 5B. 
W89-01868 


NONBIOLOGICAL TRANSFORMATION, 


Iowa Univ., Iowa City. 
For primary bibliographic entry see Field 5B. 
W89-01869 


SPATIAL VARIABILITY OF SOIL PROPER- 
TIES, 


California Univ., Riverside. 

W. A. Jury. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
245-269, 7 tab, 60 ref. 


Descriptors: *Spatial variation, *Soil properties, 
*Soil water, *Soil mechanics, Model studies, 
Solute transport, Flow patterns, Distribution pat- 
terns, Mathematical studies, Stochastic process. 


Soils vary significantly from point to point in their 
structural properties, textural composition, and 
mineralogical constituents. As a result, virtually all 
of the parameters characterizing the transport 
processes discussed in this report vary both lateral- 
ly and vertically in an undisturbed soil profile of 
field size. Consequently, in the field setting, the 
task of modeling becomes considerably more com- 
plex than for laboratory scale processes. Charac- 
terization of the spatial variability of a parameter is 
not completely straightforward. The traditional ap- 
proach is to assume that all replicated measure- 
ments of the property are statistically independent 
and to represent the property variation by specify- 
ing its sample mean and sample variance or coeffi- 
cient of variation. Two distinct philosophies are 
currently in evidence in the ongoing research deal- 
ing with spatial variability. The first approach, 
called geometric scaling theory, uses certain stand- 
ardized variables to scale the differential equations 
describing transport and relates the standardized 
variables to some measurable or definable property 
of each local site of a heterogeneous field. The 
second hypothesis for treating spatial variability is 
to regard the various parameters relevant to a 
field-wide description of transport as random vari- 
ables characterized by a mean value and a random- 
ly fluctuating stochastic component. A sampling at 
a point thus reveals a single momentary snapshot 
of these fluctuating properties which may be ana- 
lyzed by statistical techniques designed to detect 
spatial correlations in order to yield information 
about the spatial distribution of the statistical fluc- 
tuations. This chapter discussion begins with a 
description of the known experimental information 
characterizing the extent of variability of key soil 
water and solute parameters. Next, the experimen- 
tal evidence in support of the two key statistical 
models, scaling theory and regionalized variable 
analysis, will be discussed and summarized. Final- 
ly, the implications of spatial variability on param- 
eter measurement will be analyzed using both the 
assumption of statistical independence and the as- 
sumption of statistical dependence. (See also W89- 
01859) (Lantz-PTT) 

W89-01870 


SORPTION OF 2,4-DICHLOROPHENOL AND 
1,1,1-TRICHLOROETHANE ONTO THREE 


SOILS, 

Rutgers - The State Univ., Piscataway, NJ. Dept. 
of Chemical and Biochemical Engineering. 

For primary bibliographic entry see Field 5B. 
W89-02082 


METHODS FOR ESTIMATION OF NATURAL 
GROUNDWATER RECHARGE DIRECTLY 
FROM PRECIPITATION - COMPARATIVE 
STUDIES IN SANDY TILL, 

Royal Inst. of Tech., Stockholm (Sweden). Institu- 
tionen foer Kulturteknik. 

For primary bibliographic entry see Field 2F. 
W89-02238 


NODAL DOMAIN INTEGRATION MODEL OF 
TWO-DIMENSIONAL HEAT AND _ SOIL- 
WATER FLOW COUPLED BY SOIL-WATER 
PHASE CHANGE, 

Williamson and Schmid, Irvine, CA. 

T. Hromadka. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as AD-A183 518. 


Price codes: A06 in paper copy, AOI in microfiche. 
Special Report 87-9, June 1987. 124p, 33 fig, 
append. 


Descriptors: *Frost, *Model studies, *Soil water, 
*Freezing, *Groundwater movement, ‘*Heat, 
Mathematical studies, Freeze-thaw tests, Soil tem- 
perature, Computer models, Soil dynamics. 


A model of phase change in freezing and thawing 
soils is developed for cold regions engineering 
problems which require two-dimensional analysis 
of the thermal regime of soils. These problems 
include complex boundary conditions such as at- 
mosphere/ground surface thermal interaction and 
snowpack insulation. Other concerns include com- 
plex soil conditions such as the presence of a peaty 
muskeg or tundra-like soil which may provide 
thermal insulation for underlying muskeg or 
tundra-like soil which may provide thermal insula- 
tion for underlying ice-rich mineral soil. Although 
several models have been developed to predict 
temperatures in freezing and thawing soils, often 
the key question is simply whether or not the soil is 
frozen, since soil structural properties are signifi- 
cantly influenced by the soil water state of phase. 
In this report, a simple two-dimensional model is 
developed for use in cold regions engineering stud- 
ies. A FORTRAN computer program is available 
which accommodates two-dimensional heat and 
soil water flow models as coupled by an isothermal 
phase change model. The program can be used to 
analyze two-dimensional freezing-thawing prob- 
lems which have sufficient known information to 
supply the necessary modeling parameters, bound- 
ary conditions, and initial conditions. Because of 
the sophistication of the two-dimensional phase 
change model and the data requirements needed to 
properly represent inhomogeneity of the system, 
boundary conditions, and other complexities, a spe- 
cial data input program is developed in order to 
aid the model user. This general purpose data 
preparation program, PROTOO, develops the data 
input file to be used directly by the two-dimension- 
al phase change program. (Author’s abstract) 
W89-02265 


TRACKING TWO-DIMENSIONAL FREEZING 
FRONT MOVEMENT USING THE COMPLEX 
VARIABLE BOUNDARY ELEMENT METHOD, 
Williamson and Schmid, Irvine, CA. 

T. Hromadka. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as AD-A183 547. 
Price codes: A04 in paper copy, AO1 in microfiche. 
Special Report 87-8, June 1987. 58p, 11 fig, 3 
append. 


Descriptors: *Frost, *Model studies, *Soil water, 
*Freezing, *Mathematical models, Computer 
models, Soil temperature, Heat, Mathematical 
studies. 


The Complex Variable Boundary Element Method 
(CVBEM) is used to develop a computer model 
for estimating the location of the freezing front in 
soil water phase change problems. This computer 
program, CVBFR1, is based on the following 
major assumptions: (1) the problem is two-dimen- 
sional; (2) the entire soil system is homogeneous 
and isotropic; (3) the problem thermal boundary 
conditions are constant values of temperature (or 
stream function); (4) soil water flow effects are 
neglected (the problem is strictly geothermal); (5) 
all heat flow from the freezing front is within the 
control volume, there is not heat flux associated 
with the freezing front from exterior of the control 
volume; and (6) the freezing front movement is 
slow enough that heat flux along the moving 
boundary can be determined by assuming steady 
state heat flow conditions for small durations of 
time (i.e., timesteps). The CVBEN is used to model 
the thermal regime of the soil system. Because the 
numerical technique is a boundary integral ap- 
proach, the control volume thermal regime is mod- 
eled with respect to the boundary values, and, 
therefore, the CVBFRI1 data entry requirements 
are significantly less than those usually required of 
domain methods such as finite-differences or finite- 
elements. Soil water phase change along the freez- 
ing front is modeled as a simple balance between 





computer heat flux and the evolution of soil water 
volumetric latent heat of fusion. To model the 
displacement of the freezing front, program 
CVBFRI1 provides two options: (1) displace the 
freezing front coordinates with respect to changes 
in the y-coordinate only; or (2) displace the freez- 
ing front coordinates with respect to a vector 
normal to the freezing front boundary. (Author’s 
abstract) 

W89-02266 


2H. Lakes 


EFFECT OF NON-REMOVAL OF THE MA- 
CROPHYTIC BIOMASS ON THE CHARAC- 
TERISTICS OF WATER AND PLANT COMMU- 
NITY IN LAKE NAINI TAL, U.P., INDIA, 
Kumaun Univ., Naini Tal (India). Dept. of Botany. 
R. Purohit, S. P. Singh, and N. Upreti. 
Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 2, p 245-257, 1986. 6 fig, 4 
tab, 34 ref. 


Descriptors: *Lake Naini Tal, *India, *Littoral 
zone, *Macrophytes, *Aquatic productivity, Bio- 
mass, Thermal stratification, Hydrogen ion con- 
centration, Dissolved oxygen, Calcium, Nitrogen, 
Nutrients, Species diversity, Seasonal variation, 
India, Lakes, Plant growth. 


In the most productive macrophytes stand lying 
within the littoral zone of Lake Naini Tal (a 
Kumaun Himalayan Lake, 1937 m above sea level) 
the macrophytic biomass was removed at the time 
of peak biomass one year, but not during the next. 
The effect of non-removal of the macrophytes was 
apparent in the physical and chemical parameters 
of the water thermal stratification, pH, dissolved 
oxygen, calcium and nitrogen content. The remov- 
al of macrophytes increased the plant diversity. 
Seasonal patterns of ash, calcium and nitrogen 
content in plant tissues were different for the two 
years of study. (Author’s abstract) 

W89-01270 


SEASONAL AND SPATIAL DISTRIBUTION 
OF IRON PRECIPITATING HETEROTROPHS 
IN WATER AND SEDIMENTS OF FISH 
PONDS OF DIFFERING FARMING MANAGE- 
MENTS, 

Kalyani Univ. (India). — of Zoology. 

B. B. Jana, and G. N. Pat 

Internationale Revue pony en Hydrobiologie 
IGHYA2, Vol. 71, No. 2, p 259-270, 1986. 3 fig, 3 
tab, 19 ref. 


Descriptors: *Iron bacteria, *Fish ponds, *Fish 
farming, Seasonal variation, Spatial distribution, 
Population density, Nitrites, Sediments, Aquacul- 
ture, Organic loading. 


Population densities of primarily iron precipitating 
heterotrophs (metal-precipitating non-oxidizing 
bacteria) were estimated in water and sediments of 
ponds being used for polyculture, monoculture and 
traditional systems of fish farming over a period of 
2.5 years. Spatial differences in microbial density in 
the ponds were related to the organic loading of 
the farm site and the type of farming. The highest 
bacterial populations occurred in November and 
the lowest in summer. Nitrite concentration was 
mainly responsible for such seasonal changes. (Au- 
thor’s abstract) 

W89-01271 


EFFECTS OF OIL REFINERY EFFLUENTS ON 
SELENASTRUM CAPRICORNUTUM PRINTZ, 
Udai Pratap Coll., Varanasi (India).Dept. of 
Botany. 

For primary bibliographic entry see Field 5C. 
W89-01272 


STRUCTURE OF PERIPHYTIC COMMUNI- 
TIES IN COOLING POND OF NUCLEAR 
POWER PLANT, 

Akademiya Nauk URSR, Kiev. Inst. Hidrobiolo- 


gii. 
A. A. Protasov, and S. A. Afanasyev. 


Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 3, p 335-347, 1986. 6 fig, 1 
tab, 21 ref. 


Descriptors: *Water pollution effects, *Aquatic 
habitats, *Cooling ponds, *Periphyton, Nuclear 
powerplants, Water temperature, Ukraine, Soviet 
Union, Temperature effects. 


Periphyton (Dreissena, bryozoans, filamentous 
green algae, and green algae) was studied in the 
cooling pond of a nuclear power plant in the 
Ukraine. Fourteen periphytic communities were 
distinguished on the basis of an analysis of visually 
detected homogeneity distribution and with refer- 
ence to results obtained from analysis of samples 
(species composition, abundance, and biomass). 
Relationships among communities were deter- 
mined by E. S. Smirnov’s method of pairwise 
comparison of character complexes (of communi- 
ties). The periphytic communities were shown to 
be integrated in two large communities gravitating 
towards the thermogradient poles. Temperature 
was the important factor that determined the ma- 
crostructure of periphyton in the cooling pond. 
(Author’s abstract) 

W89-01273 


ANTARCTIC STREAM ECOSYSTEMS: VARIA- 


CTU 
Department of Scientific and Industrial Research, 
Taupo (New Zealand). Taupo Research Lab. 
C. Howard-Williams, C. L. Vincent, P. A. Broady, 
and W. F. Vincent. 
Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 4, p 511-544, 1986. 18 fig, 
11 tab, 43 ref. 


Descriptors: *Antarctica, *Glacial streams, *Eco- 
systems, *Algae, Water temperature, Diel cycle, 
Air temperature, Solar radiation, Stream dis- 
charge, Nutrients, Sediments, Nitrogen, Phospho- 
rus, Snowmelt, Seasonal variation, Algal growth, 
Biomass, Chlorophyll a, Species composition, 
Cyanophyta, Victoria Hand. 


The variability in physical, chemical and biological 
properties was examined for a number of glacier 
melt streams in south Victoria Land, Antarctica. 
Streams flowed for between one and two months. 
Stream water temperatures (range 0-11 C) varied 
over short (hr) time scales while discharges varied 
considerably between streams (range 0.001-15 cu 
m/s) and over diel cycles. Solar radiation and air 
temperature were major determinants of stream 
discharge. Variability in discharge was reflected in 
variability in nutrient chemistry and sediment load. 
Nitrogen and phosphorus varied considerably be- 
tween streams; the meltwaters early in summer 
contained 10-20 times higher levels of dissolved N 
and P than later in the season. Within stream 
nutrient levels were modified by dense algal 
growths and penguin rookeries. Epilithic algal 
communities were made up primarily of Cyano- 
phyceae which formed mats and crusts. Longitudi- 
nal and horizontal variability of species in the 
communities in selected streams is described. Anal- 
yses of algal cover and biomass (chlorophyll a) 
show that substrate type and flow rates are of 
greater importance than nutrients in influencing 
algal abundance and biomass. In some streams 
biomass values of over 20 micrograms chlorophyll 
a/sq cm were recorded, much of which remains 
viable but inactive over the antarctic winter. (Au- 
thor’s abstract) 
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INTERRELATIONSHIPS AMONG THE EPIPE- 
LON, EPIPHYTON AND PHYTOPLANKTON 
IN A EUTROPHIC LAKE, 

Alberta Univ., Edmonton. Dept. of Botany. 

C. G. Jenkerson, and M. Hickman. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 4, p , 1986. 11 fig, 10 tab, 
79 ref. Natural Sciences and Engineering Research 
Council of Canada Grant A6384. 


Descriptors: *Lakes, *Eutrophic lakes, *Aquatic 


habitats, *Algae, *Limnology, *Epipelon, *Epi- 
phyton, *Phytoplankton, Standing crops, Produc- 
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tivity, Nutrients, Population dynamics, Light, 
Temperature, Alkalinity, Hydrogen ion concentra- 
tion, Bioindicators, Limnology. 


Comparisons of the piytoplankton, epipelon, and 
eiphyton of a eutrophic prairie-parkland lake were 
conducted using simultaneous collection and simi- 
lar processing. For all communities the 1% surface 
irradiance was at 1-2 meters due to shading algae, 
macrophytes, and wind mixed detritus, or due to 
ice and snow cover. Distributions of abiotic param- 
eters were similar among communities. Tempera- 
tures in the epipelon were less rigorous than those 
in the phytoplankton, whereas temperatures in the 
epiphyton were more rigorous. For pH and phos- 
we epiphyton > phytoplankton > epiphyton. 
Pipelie silica was highest. For species diversity, 
phytoplankton > epiphyton > epipelon. Vertical 
distributions were noted for species within each 
community. Dominant species from the phyto- 
plankton and epiphyton were restricted within sea- 
sonal shock period boundaries, but dominants from 
the epipelon trespassed such environmental bound- 
aries. There were 21 dominant species considered 
community indicators. Evidence suggested the epi- 
& yton can be a collection site for senescing popu- 
ations from all communities, but it also can act as 
an incubator site where sufficient light, heat, and 
nutrients initiate species growth that later is ex- 
pressed in another community. Likewise the epipe- 
lon can be a disposal site for senescent populations, 
but it too can be a stable maintenance site where 
species from all communities survive, or even dis- 
play active growth. Standing crop and productivi- 
ty data showed similar spatial and temporal distri- 
butions for all communities. Interactions among 
the three communities were indicated as an orderly 
progression of first phytoplankton, then epipelon, 
and finally epiphyton peaks occurred within each 
season. The photosysnthetic index and efficiency 
were highest for the phytoplankton and the pro- 
ductivity efficiency was highest for the epiphyton. 
(Sand-PTT) 
W89-01276 


BACTERIAL ACTIVITY IN A RESERVOIR DE- 

TERMINED BY AUTORADIOGRAPHY AND 

ITS RELATIONSHIPS TO PHYTO- AND ZOO- 
PLANKTON, 


Ceskoslovenska Akademie Ved, Ceske Budejovice. 
Inst. of Landscape Ecology. 

K. Simek. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 5, p , 1986. 4 fig, 5 tab, 60 
ref. 


Descriptors: *Limnology, *Bacteria, *Reservoirs, 
*Phytoplankton, *Zooplankton, Biomass, Bacterial 
physiology, Metabolism, Amino acids, Organic 
matter, Cladocerans, Lakes, Isotope studies, 
Rimoy Reservoir, Czechoslovakia, Autoradio- 
graphy. 


In the drinking water reservoir Rimov (Southern 
Bohemia) bacterioplankton was studied during 
1983. Special attention was given to the relation- 
ships between parameters of bacterial abundance, 
total and individual activity. Bacterial counts and 
biomass were assessed and autoradiographic deter- 
minations of the proportions of active bacteria 
incorporating thymidine and mixture of amino 
acids and total uptake rate of amino acids were 
made over a year in the surface layer and during 
summer stratification from the thermocline and 15 
m depth. Specific activity of metabolically active 
bacteria and specific activity per unit of biomass 
were negatively correlated with counts of metabo- 
lizing cells and with bacterial biomass, respective- 
ly. Total and individual heterotrophic activity and 
counts of bacteria coincided with the changes of 
phytoplankton biomass, whereas bacteria incorpo- 
rating thymidine were more closely correlated 
with primary production. The most significant re- 
lation of metabolically active bacteria was found to 
cladoceran biomass. Thus, this part of heterotro- 
phic bacterial activity seems to be stimulated by 
leakage of dissolved organic matter from phyto- 
plankton being disrupted and incompletely digest- 
ed by cladocerans rather than from healthy photo- 
synthesizing cells. (Author's abstract) 
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ORGANIC CARBON FLUX TO A LARGE SALT 
LAKE: PYRAMID LAKE, NEVADA, USA, 
Arizona State Univ., Tempe. Dept. of Zoology. 
D. L. Galat. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 5, p 621-654, 1986. 19 fig, 
11 tab, 85 ref. U.S. Bureau of Indian Affairs Con- 
tracts 14-15-0008-974 and 14-16-0009-82-1869. 


Descriptors: *Limnology, *Pyramid Lake, 
*Nevada, *Lakes, *Saline lakes, *Energy, *Carbon 
cycle, *Organic carbon, *Primary productivity, 
*Macrophytes, Photosynthesis, Dusts, Fluvial 
transport, Photosynthesis, Drought, Diversion, 
Deserts. 


Energy flux to a large, deep, salt lake from phyto- 
plankton, periphyton and macrophyte primary pro- 
duction as well as fluvial transport and wind-trans- 
ported terrestrial vegetation and dust were quanti- 
fied. Average areal phytoplankton net photosyn- 
thesis was 511 mg C/sq m/d. Highest rates were 
during water-blooms of the blue-green alga, Nodu- 
laria spumigena. Although areal daily net photo- 
synthesis by periphyton in Pyramid Lake was com- 
parable to other salt lakes, annual carbon influx by 
periphyton was small due to the lake’s graben 
morphology and moderate euphotic depth (mean, 
11.9 m). The Truckee River is the only major 
fluvial discharge to Pyramid Lake and dissolved 
organic carbon was the principal organic carbon 
fraction in river water. Large upstream water di- 
versions coupled with several drought years result- 
ed in an average fluvial organic carbon load of 
only 7.3 g C/sq m/y or 4% of median phytoplank- 
ton net photosynthesis. Tumbleweeds were the 
most common terrestrial plant material observed in 
Pyramid Lake comprising a maximum projected 
importance of 6% of total annual carbon input. 
Windborne dust represented <.1% of annual 
carbon input. Phytoplankton primary production is 
the predominant energy source to Pyramid Lake, 
accounting for over 80% of annual carbon influx. 
The relative magnitude of autochthonous and al- 
lochthonous vectors to the annual carbon budget 
of this desert salt lake are comparable to those of 
the few other large lakes for which detailed energy 
input budgets have been calculated. (Author’s ab- 
stract) 
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EFFECTS OF EXPERIMENTAL ACIDIFICA- 
TION ON PHYTO-, BACTERIO- AND ZOO- 
PLANKTON IN ENCLOSURES OF A HIGHLY 
HUMIC LAKE, 

Helsinki Univ., Lammi (Finland). Lammi Biologi- 
cal Station. 

For primary bibliographic entry see Field 5C. 
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STUDY OF BENTHIC COMMUNITIES IN 
SOME SALINE LAKES IN SASKATCHEWAN 
AND ALBERTA, CANADA, 

Saskatchewan Univ., Saskatoon. Dept. of Biology. 
B. V. Timms, U. T. Hammer, and J. W. Sheard. 
Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 6, p 759-777, 1986. 4 fig, 7 
tab, 41 ref. Grant A1412. 


Descriptors: *Lakes, *Saline lakes, *Benthic fauna, 
*Macroinvertebrates, *Limnology, Midges, Am- 
phipods, Aquatic insects, Species diversity, Bio- 
mass, Standing crops, Eutrophication, Saskatche- 
wan, Alberta, Canada, Long-term studies. 


The spring benthos of 22 lakes ranging from 1-88 
g/l salinity contained 58 species of macroinverte- 
brates, but only 23 species occurred in waters >3 
g/\. The amphipod Hyalella azteca and the chiron- 
omids Procladius freemani, Chironomus nr. mura- 
tensis and Cryptochironomus spp. were important 
at lower salinities (1-12 g/l) whereas the chirono- 
mids Tanypus nubifer, Cricotopus ornatus and 
Chironomus nr. annularis dominated at moderate 
salinities (5-30 g/l) and dolichopodid and ephyrid 
dipterans were the only species in hypersaline lakes 
(>50 g/l). Diversity decreased significantly with 
increased salinity. Mean dry biomass ranged from 
0-9.12 g/sq m, showing little correlation with salin- 
ity, though hyposaline lakes often had elevated 
values and hypersaline lakes very low values. Shal- 


low lakes (<5 m) had significantly lower standing 
crops. There were long term changes in biomass 
(over 45 years) in some lakes due to cultural eu- 
trophication or secular changes in salinity. Chiron- 
omids were by far the dominant contributors to 
biomass at salinities to 50 g/l, above which doli- 
chopodid and ephyrid dipterans dominated. The 
lakes were classified into four groups - subsaline, 
hyposaline, shallow hypo-mesosaline and hypersa- 
line, reflecting the importance of salinity and also 
relative depth as major controlling factors. (Au- 
thor’s abstract) (Sand-PTT) 
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PHYTOPLANKTON BLOOM IN SHALLOW 
DIVOR RESERVOIR (PORTUGAL): THE IM- 
PORTANCE OF INTERNAL NUTRIENT 
LOADING, 

Instituto Nacional de Investigacao des Pescas, 
Lisbon (Portugal). 

For primary bibliographic entry see Field 5C. 
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ALGAE FLOCCULATION 
WATER, 

Southern Petrochemical Industries Corp. Ltd., Tu- 
ticorin (India). 

For primary bibliographic entry see Field 5G. 
W89-01285 


IN RESERVOIR 


MULTITABLE ANALYSES IN FACTORIAL 
ECOLOGY: II. LONGITUDINAL STRATIFICA- 
TION OF THE ARDECHE, BEGINNING WITH 
PHYSICO-CHEMICAL DESCRIPTORS (LES 
ANALYSES MULTITABLEAUX EN ECOLOGIE 
FACTORIELLE: II. STRATIFICATION LONGI- 
TUDINALE DE L’ARDECHE A PARTIR DE 
DESCRIPTEURS PHYSICO-CHEMIQUES), 
Lyon-! Univ., Villeurbanne (France). 

S. Doledec. 

Acta Oecologia, Oecologia Generalum AOSGD7, 
Vol. 9, No. 2, p 119-135, 1988. 6 fig, 4 tab, 64 ref. 
English summary. 


Descriptors: *Path of pollutants, *Water pollution 
sources, *Ardeche River, *France, *Rivers, Lotic 
environment, Water pollution, Wastewater dispos- 
al, Triadic analysis, Ionic compounds, Organic 
compounds, France, Water pollution effects, Prin- 
cipal component analysis, Geohydrology. 


A typology of the Ardeche waters (France) was 
undertaken during the summer period along ap- 
proximately 100 km of its course taking into ac- 
count 9 physical and chemical properties. Four 
functional sectors were distinguished using a multi- 
table analysis known as Triadic Analysis. This 
analysis incorporates 3 steps: (1) the data are cen- 
tered (elimination of the mean) and reduced (divi- 
sion by standard deviation) by sampling date and 
by variable. The data table is then reorganized to 
have sampling dates as columns and all the varia- 
bles for each station as lines. This table is processed 
with a principal component analysis (PCA, cen- 
tered) and thus defines the interstructure, which is 
an overall description of the sampling dates (typol- 
ogy by variable); (2) compromise tables (models), 
which are associated with the successive PCA 
factors of the interstructure, are produced. In this 
study, only the first compromise table is consid- 
ered; this table is a summary as close as possible to 
the situation at each of the sampling dates. The 
analysis (centered PCA) of this compromise table 
enabled the simultaneous representation of the sta- 
tions (dates) and of the variables that define the 
typology; and (3) the intrastructure (projection of 
supplementary individuals, which are the lines 
from the recognized table from step 1 in the PCA 
compromise process) enabled the representation of 
each station at each date, and of each variable at 
each date. This representation is thus a detailed 
analysis of the temporal succession of the typology 
by station or by variable. The typology produced 
here from analysis of the first compromise table 
was influenced by geological conditions, pollution 
inputs and by an increase of ionic compounds 
along the river course. 

W89-01293 


DISTRIBUTION AND ANNUAL DYNAMICS 
OF THE BENTHIC MACROFAUNA OF LAKE 
LEMAN (PETIT-LAC) AS A FUNCTION OF 
DEPTH: PRELIMINARY RESULTS (REPARTI- 
TION ET DYNAMIQUE ANNUELLE DE LA 
MACROFAUNE BENTHIQUE EN FONCTION 
DE LA PROFONDEUR DANS LE LEMAN 
(PETIT-LAC): RESULTATS PRELIMINAIRES), 
Geneva Univ. (Switzerland). Unite de Biologie 
Aquatique. 

B. Lods-Crozet, B. Bauer, R. Juge, D. Pattay, and 
J. Perfetta. 

Archives des Sciences, Geneve ASGVAH, Vol. 
38, No. 1, p 23-25, January-April 1985. 4 fig, 1 tab, 
32 ref. English summary. 


Descriptors: *Limnology, *Lakes, *Benthic fauna, 
*Invertebrates, Mollusks, Oligochaetes, Crusta- 
ceans, Insects, Aquatic insects, Midges, Tricladida, 
Hirudinia, Species composition, Population densi- 
ty, Petit-Lac. 


The study of the Lake Geneva (Petit-Lac) benthic 
fauna was undertaken in 1977-78 at depths of 0 to 
30 m. The macrofauna comprises 48 taxa that 
mainly belong to the following groups: Tricladida, 
Mollusca, Oligochaeta, Hirudinea, Crustacea and 
Insecta. The density of these organisms is higher in 
the sampling areas of the north shore then in those 
of the south shore. The benthos community is 
quantitatively dominated by the Oligochaeta and 
Chironomidae larvae and the Oligochaeta/Chiron- 
omidae ratio tends to increase with depth. (Au- 
thor’s abstract) 

W89-01313 


CONFLICTS BETWEEN WETLAND CONSER- 
VATION AND GROUNDWATER EXPLOITA- 
TION: TWO CASE HISTORIES IN SPAIN, 
Universidad Complutense de Madrid (Spain). 
Dept. of Geodynamics. 

M. R. Llamas. 

Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 3, p 241-251, June 1988. 9 
fig, 16 ref. 


Descriptors: *Irrigation, *Environmental impact, 
*Wetlands, *Marshes, *Groundwater, *Aquifers, 
*Conservation, National parks, Spain, Discharge, 
Recharge, Irrigation, Water table depletion. 


The problems in two Spanish national parks locat- 
ed on wetlands are analyzed. The hydrogeological 
and ecological characteristics of the parks are 
somewhat different as are their respective degrees 
of deterioration. The Tablas de Daimiel National 
Park is located on the Central Plateau of Spain. It 
used to consist of a marshy area of about 20 sq km 
around the confluence of two relatively small 
rivers. The area was marshy mainly because it was 
the natural discharge zone for a Tertiary aquifer 
system about 100 m thick extending over an area of 
5000 sq km, composed of calcareous and detrital 
materia! of continental origin. The average annual 
recharge has been estimated at approximately 350 
h x cu m/yr. Current groundwater withdrawal is 
around 450 h x cu m/yr, mainly used to irrigate a 
surface area of some 1000 sq km. This overdevel- 
opment has led to a continuous depletion of the 
regional water table and eventually to the drying 
out of the marshy area. Spontaneous combustion 
or fires caused by man has occurred in about 10 sq 
km of the desiccated areas since the spring of 1986. 
The Donana National Park is located on the estu- 
ary of the River Guadalquivir. The aquifer system 
of this estuary consists essentially of a permeable 
formation of unconsolidated Plioquaternary mate- 
rials with an area of 3000 sq km. Under the marshy 
area the aquifer system is confined below low- 
permeability estuary deposits which can be over 
100 m thick. Around most of the marshland the 
aquifer crops out and is recharged by rain. The 
Donana National Park is over 700 sq km, part of 
which is in the marshland and part in the recharge 
area where the aquifer is phreatic. In the 1970's 
Spain’s largest irrigation project using groundwat- 
er, covering a surface area of 240 sq km, was 
planned in area bordering on the national park. 
The initial project was scaled down considerably 
as a result of protests by conservation groups. 
However, it seems likely that the water table de- 





pletion as a result of pumpage for irrigation could 
cause a large part of the ecotone situated at the 
contact-line between the marshland and the phrea- 
tic aquifer to disappear. This ecotone exists be- 
cause it is a natural groundwater discharge area. 
(Author’s abstract) 

W89-01319 


HYDROLOGIC INFLUENCES ON LEAF DE- 
COMPOSITION IN A CHANNEL AND ADJA- 
CENT BANK OF A GALLERY FOREST 
STREAM, 

Kansas State Univ., Manhattan. Dept. of Systemat- 
ics and Ecology. 

M. E. Gurtz, and C. M. Tate. 

American Midland Naturalist AMNAAF, Vol. 
120, No. 1, p 11-21, July 1988. 4 fig, 3 tab, 17 ref. 
Kansas Water Resources Research Institute, 
Project No. B-063-KAN and National Science 
Foundation Grant BSR 8012166. 


Descriptors: *Floods, *Flood plains, *Leaves, 
*Decomposition, *Forest hydrology, Riparian 
vegetation, Kings Creek, Kansas, Streams, Forests, 
Prairies. 


Hydrologic extremes of flooding and drought typi- 
cally occur each year in prairie streams. Two 
experiments were conducted in a fifth-order, gal- 
lery forest reach of Kings Creek, Kansas, to assess 
the effect of hydrologic conditions on decomposi- 
tion of leaves in the stream channel and on the 
adjacent floodplain. Temporal patterns of weight 
loss were examined in the first experiment. Leaves 
of bur oak and hackberry decomposed more rapid- 
ly in the channel than on the adjacent bank. A 
sharp drop in percent remaining for hackberry in 
the 2nd month (mid-December to mid-January) 
coincided with a period of high shredder densities 
on hackberry leaves. On the bank, decomposition 
of hackberry leaves was fastest during intervals 
that included one or more inundations of the leaf 
packs. Bur oak leaves decomposed more slowly 
than hackberry leaves and were influenced less by 
the hydrologic history. In the second experiment, 
spatial variation in decomposition rate of hack- 
berry leaves was examined by placing 20 pairs of 
leaf packs in a transect extending from the center 
of the stream channel to the top of the upper bank. 
Position on the transect affected the frequency and 
duration of inundations on the floodplain, which 
ranged from once to 17 times, while 3 pairs of 
- $ in the channel were always under water. 
e logarithm of percent remaining after 274 days 
was significantly correlated with number of hours 
inundated and number of times inundated, al- 
though other factors such as soil moisture or 
amount of flood-deposited silt may have influenced 
differences in decomposition rates along the tran- 
sect. It is concluded that flood frequency, duration 
and timing affect both spatial and temporal pat- 
terns of decomposition, especially of a fast-decom- 
posing species, in the riparian forest of an intermit- 
tent prairie stream. (Author’s abstract) 
W89-01331 


USE OF PLASTIC STRIPS TO MEASURE 
LEAF RETENTION BY RIPARIAN VEGETA- 
TION IN A COASTAL OREGON STREAM, 
Oregon State Univ., Corvallis. Dept. of Fisheries 
and Wildlife. 

For primary bibliographic entry see Field 7B. 
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MICROHABITAT USE BY THE BIGMOUTH 
CHUB NOCOMIS PLATYRHYNCHUS IN THE 
NEW RIVER, WEST VIRGINIA, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Fisheries and Wildlife Sciences. 
M. D. Lobb, and D. J. Orth. 

American Midland Naturalist AMNAAF, Vol. 
120, No. 1, p 32-40, July 1988. 2 tab, 20 ref. 


Descriptors: *Fish, *Aquatic habitats, *Spawning, 
Chubs, Flow velocity, New River, West Virginia. 


Habitat preferences of spawning and nonspawning 
N. platyrhynchus were quantified in the New 
River, West Virginia. Habitat variables were meas- 
ured at nesting areas during spring; underwater 


observations determined macro- and microhabitat 
use during late summer. N. platyrhynchus used 
areas with an abundance of small to large gravel 
(3-64 mm diameter), shallow depths (0.15-0.75 m) 
and moderate velocities (0.05-0.69 m/s) for con- 
structing spawning mounds. During late summer, 
N. platyrhynchus stayed near the substrate, where 
velocities were significantly lower than mean 
column velocities. Proposed daily flow fluctua- 
tions for power production could affect spawning 
success and these findings can be used to determine 
appropriate limits of daily flow fluctuations. (Au- 
thor’s abstract) 

W89-01333 


OPALINE CHERTS ASSOCIATED WITH SUB- 
LACUSTRINE HYDROTHERMAL SPRINGS 
AT LAKE BOGORIA, KENYA RIFT VALLEY, 
Saskatchewan Univ., Saskatoon. Dept. of Geologi- 
cal Sciences. 

R. W. Renaut, and R. B. Owen. 

Geology GLGYB, Vol. 16, No. 8, p 699-702, 
August 1988. 3 fig, 1 tab, 26 ref. 


Descriptors: *Chert, *Hot springs, *Saline lakes, 
Diatoms, Silica, Hydrogen ion concentration, Lith- 
ification, Lake Bogoria, Kenya. 


An unusual group of cherts found at saline, alka- 
line Lake Bogoria in the Kenya Rift differs from 
the Magadi-type cherts commonly associated with 
saline, alkaline lakes. The cherts are opaline, rich in 
diatoms, and formed from a siliceous, probably 
gelatinous, precursor that precipitated around sub- 
merged alkaline hot springs during a Holocene 
phase of high lake level. Silica precipitation result- 
ed from rapid drop in the temperature of the spring 
waters and, possibly, pH. Lithification began 
before subaerial exposure. Ancient analogous 
cherts are likely to be localized deposits along fault 
lines. (Author’s abstract) 
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FOG EFFECT OF THE GREAT SALT LAKE, 
Utah Water Research Lab., Logan. 

For primary bibliographic entry see Field 2B. 
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FACTORS CONTROLLING THE SECONDARY 
PRODUCTIVITY , BENTHIC MACROIN- 
VERTEBRATES FRESHW 


ATERS: A 
REVIEW, (IN SAPANESE), 
Nationai Inst. for Environmental Studies, Ibaraki 
(Japan). Environmental Biology Div. 
T. Iwakuma. 
Japanese Journal of Ecology JJECDN, Vol. 36, 
No. 3, p 169-187, 1986. 3 fig, 5 tab, 135 ref. English 
summary. 


Descriptors: *Benthic fauna, *Secondary produc- 
tivity, *Macroinvertebrates, *Aquatic productivi- 
ty, Midges, Ecosystems, Biomass, Aquatic popula- 
tions, Lotic environment, Lentic environment, 
Aquatic insects, Insect emergence, Cycling nutri- 
ents. 


Among the groups of secondary producers, Chir- 
onomidae were the most productive, both in stand- 
ing and running waters. A regression analysis was 
performed on the reported secondary production 
(P) data for 39 herbivorous and detritivorous chir- 
onomid species in 37 standing waters. Annual 
mean biomass (B sub a) was positively related to 
the maximum body weight of fourth-instar larvae 
(w sub 4max); the P/B ratio was positively related 
to annual mean bottom temperature and inversely 
related to w sub 4max. Production decreased with 
increasing mean water depth (z sub mean). The 
latter relationship was also true for herbivorous 
and detritivorous zoobenthos. Secondary produc- 
tion of herbivores and detritivores including zoo- 
plankton and zoobenthos was ca. 10% of primary 
production in lakes. Zoobenthos production 
became comparable to that of zooplankton in lakes 
where primary production exceeded ca. 10,000 kg/ 
sq m/y. Emerging biomass (E) of chironomids 
amounted to 0.1-1.16% of the sum of primary pro- 
duction and allochthonous organic matter. E/P 
values lay within 0.2-0.5 and tended to decrease 
with increasing P. Collection of emerging insects is 
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recommended as a valid means of estimating spe- 
cies production. Annual chironomid production 
may be estimated by multiplying species annual 
emerging biomass by a factor of 2.8. The role of 
secondary producers in an ecosystem’s nutrient 
cycling is discussed. (Author’s abstract) 
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CHANGES IN FOOD (CHLORELLA) LEVELS 
AND THE ACUTE TOXICITY OF CADMIUM 
TO DAPHNIA CARINATA (DAPHNIDAE) AND 
ECHINISCA TRISERIALIS (MARCOTHRICI- 
DAE) (CRUSTACEA: CLADOCERA), 

Delhi Univ. (India). Dept. of Zoology. 

For primary bibliographic entry see Field 5C. 
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RECHARGE-DISCHARGE FUNCTION OF 
WETLANDS NEAR JUNEAU, ALASKA: PART 
Il, GEOCHEMICAL INVESTIGATIONS, 
Syracuse Univ., NY. Dept. of Geology. 

For primary bibliographic entry see Field 2A. 
W89-01403 


SHEAR WAVES AND UNSTEADY SELECTIVE 
WITHDRAWAL, 

Stanford Univ., CA. Dept. of Civil Engineering. 
S. Monismith, J. Imberger, and G. Billi. 

Journal of Hydraulic Engineering (ASCE) 
JHEND8S, Vol. 114, No. 9, p 1134- 1152, Septem- 
ber 1988. 9 fig, 2 tab, 16 ref, 3 append. 


Descriptors: *Selective withdrawal, *Unsteady 
flow, *Shear, *Waves, *Shear waves, *Interaal 
waves, *Reservoirs, *Stratification, Flow, Wave 
propagation, Boundary conditions. 


An experimental study examining the generation of 
internal waves by unsteady inertial outflows from a 
stratified reservoir is presented. The experiments 
show that shear waves generated when the out- 
flow is begun are identical to those generated 
when the outflow is stopped. The amplitudes of 
the lowest mode shear waves can be calculated by 
assuming that they combine to form the steady 
withdrawal-layer velocity profile at the wall. As 
R, the parameter governing steady withdrawal be- 
havior, is increased, the observed shear-wave am- 
plitudes decrease relative to their theoretical 
values, with the discrepancy increasin; ing with in- 
creasing mode number. When the outflow is re- 
peatedly pulsed, the strength of the average flow 
towards the sink indicates the existence of a with- 
drawal layer thicker than that which would have 
been formed given either the average flow rate or 
the maximum instantaneous flow rate. This obser- 
vation suggests that one effect of unsteady with- 
drawals may be to create thicker withdrawal 
layers than are found for similar steady withdraw- 
als. (Author’s abstract) 
W89-01420 


DETERMINATION OF FORMATE IN NATU- 
RAL WATERS BY A COUPLED ENZYMATIC/ 
HIGH-PERFORMANCE LIQUID CHROMATO- 
GRAPHIC TECHNIQUE, 

Rosenstiel School of Marine and Atmospheric Sci- 
ence, Miami, FL. Div. of Marine and Atmospheric 
Science. 

D. J. Kieber, G. M. Vaughan, and K. Mopper. 
Analytical Chemistry ANCHAM, Vol. 60, No. 17, 
p 1654-1659, September 17 1988. 6 fig, 1 tab, 18 ref. 


Descriptors: *Water analysis, *Pore water, *Sea- 
water, *Chromatography, *Enzymes, *Formic 
acid, Rain, Fatty cells, Dehydrogenase, High per- 
formance liquid chromatography, Sediments. 


An enzymatic method was developed to quantify 
formic acid in natural water samples at submicro- 
molar concentrations. The method is based on the 
oxidation of formate by formate dehydrogenase 
with corresponding reduction of beta-nicotinamide 
adenine dinucleotide reduced (beta-NAD+) to 
beta-nicotinamide adenine dinucleotide (beta- 
NADH); beta-NADH is quantified by reversed- 
phase high-performance liquid chromatography 
with fluorometric detection. An important feature 
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of this method is that the enzymatic reaction 
occurs directly in aqueous media, even seawater, 
and does not require sample pretreatment other 
than sample filtration. The reaction proceeds at 
room temperature at a slightly alkaline pH (7.5-8.5) 
and is specific for formate with a detection limit of 
0.5 microMolar concentration for a 200 microliter 
injection. The precision of the method was 4.6% 
relative standard deviation for a 0.6 microMolar 
concentration standard addition of formate to Sar- 
gasso seawater. Average recoveries of 2 microMo- 
lar concentration additions of formate to seawater, 
pore water, or rain were 103, 103, and 87%, re- 
spectively. Intercalibration with a Dionex ion 
chromatographic system showed an _ excellent 
agreement of 98%. Concentrations of formate 
present in natural samples ranged from 0.2 to 0.8 
microMolar concentration for Biscayne Bay sea- 
water, 0.4 to 10.0 microMolar concentration for 
Miami rain, and 0.9 to 8.4 microMolar concentra- 
tion for Biscayne Bay sediment pore water. (Au- 
thor’s abstract) 

W89-01421 


SEDIMENT-WATER OXYGEN AND NUTRI- 
ENT FLUXES IN A RIVER-DOMINATED ES- 
TUARY, 

Louisiana State Univ., Baton Rouge. Coastal Ecol- 
ogy Lab. 

For primary bibliographic entry see Field 2L. 
W89-01422 


ESTIMATING THE NET FLUX OF NUTRI- 
ENTS BETWEEN A SALT MARSH AND A 
TIDAL CREEK, 

South Carolina Univ., Columbia. Dept. of Statis- 
tics. 

For primary bibliographic entry see Field 2L. 
W89-01423 


EFFECT OF SUSPENDED SEDIMENT ON THE 
HEATING OF LAKE BANYOLES, 

Los Angeles County Natural History Museum 
Foundation, CA. 

X. Casamitjana, and E. Roget. 

Journal of Geophysical Research (C) JGRCEY, 
Vol. 93, No. 8, p 9332-9336, August 15, 1988. 5 fig, 
2 tab, 14 ref. 


Descriptors: *Lake Banyoles, *Heated water, 
*Spain, *Thermal springs, *Sediments, *Mathemat- 
ical models, Suspended sediments, Hypolimnion, 
Advection, Turbulent flow, Water temperature, 
Seasonal variation, Lakes, Groundwater. 


Lake Banyoles, of karstic origin, is continually 
heated by the incoming groundwater. This water 
enters the lake at certain places which are basin- 
shaped, keeping sediment in suspension. The tem- 
perature of suspended sediment is 2-3 C higher 
than of hypolimnetic water in summer, and 8-10 C 
higher in winter. Because of this the cooling of the 
Lake is measurably lessened. A model to calculate 
the heat flux from advective heat fluxes was con- 
sidered. The degree of turbulence of the water at 
the interface of suspended sediment was also evalu- 
ated. The model was applied over a 1 yr cycle. In 
Lake Banyoles the temperature of the sediment is 
almost constant, and the heat flux is always from 
the suspended sediment to the lake. In February 
this flux is the highest because the gradients are 
higher; in this month the total number of joules 
entering the lake per square meter of surface area 
is 78,922,000, and in September it has decreased to 
11,297,700. If the lake were not heated from below 
the heat budget would increase by J/square m, 
which is the difference between the last two quan- 
tities. The contribution to the underground heating 
from hard sediments was not considered. This 
omission may be made because the natural heat 
flow is several orders of magnitude lower than the 
heat flux from underground fluid discharge. The 
evaluation of the thermal diffusivity at the inter- 
face is necessary because of the importance of the 
diffusive flux. The degree of turbulence at the 
interface is not very strong compared with turbu- 
lence in many hypolimnetic waters, where thermal 
diffusivities can be 1000 times the molecular one. 
(Hammond-PTT) 

W89-01435 


EFFECT OF PROLONGED EXPOSURE TO 
ACETYLENE ON DENITRIFICATION IN A 
LABORATORY STREAM SEDIMENT 
SYSTEM, 

Oxford Univ. (England). Dept. of Plant Sciences. 
For primary bibliographic entry see Field 7B. 
W89-01446 


IN-STREAM NITRIFICATION RATE PREDIC- 
TION, 

Texas Univ. at Dallas, Richardson. Graduate Pro- 
gram in Environmental Sciences. 

For primary bibliographic entry see Field SB. 
W89-01450 


LAKE AND RESERVOIR MANAGEMENT, 
Environmental Protection Agency, Dallas, TX. 
Region VI. 

For primary bibliographic entry see Field 5G. 
W89-01497 


EFFECTS OF POLLUTION ON FRESHWATER 
ORGANISMS, 

American Scientific International, Duluth, MN. 
For primary bibliographic entry see Field 5C. 
W89-01502 


EFFECT OF OXYGEN ON THE GROWTH OF 
YOUNG AYU, (IN JAPANESE), 

Tokyo Univ. (Japan). 

K. Chiba. 

Nippon Suisan Gakkaishi NSUGAF, Vol. 54, No. 
2, p , February 1988. 4 fig, 2 tab, 16 ref. English 
summary. 


Descriptors: *Ayu, *Fish farming, *Oxygen, *Me- 
tabolism, Temperature effects, Dissolved oxygen, 
Fish. 


Experiments were carried out to examine the effect 
of dissolved —— on the growth of young ayu 
(body weight 2.0-8.0 g). Fish were reared for 8 
days in 5 different tanks. Each of these tanks had a 
volume of 16 1. These tanks were continuously 
— with fresh water having different dis- 
solved oxygen concentrations. Reduced oxygen 
concentrations were maintained by bubbling nitro- 
gen gas through the inflowing water. During the 
experiments water temperature ranged between 24 
C and 25 C. Fish were fed three times a day with 
commercially available, crumbled pellet for young 
ayu. Fish showed almost even levels of growth 
rate and feed conversion efficiency in water of 
45% or more in percent oxygen saturation, while 
below 45% these levels decreased with the reduc- 
tion of oxygen concentration. Growth rates and 
feed conversion efficiencies at the oxygen concen- 
trations of 27% and 35% in percent oxygen satura- 
tion were about 1/2 and 1/2-2/3 of those at over 
45%, respectively. However, the feeding rate re- 
duced with the decrease in dissolved oxygen 
within the whole range of the oxygen examined. 
(Author’s abstract) 

W89-01509 


EFFECT OF SALINITY AND TEMPERATURE 
GRADIENTS ON THE DISTRIBUTION OF 
LITTORAL MICROALGAE IN EXPERIMEN- 
TAL SOLAR PONDS, DEAD SEA AREA, 
ISRAEL, 

Hebrew Univ. of Jerusalem (Israel). Human Envi- 
ronment Sciences Div. 

I. Dor, and A. Ehrlich. 

PSZNI: Marine Ecology, Vol. 8, No. 3, p 193-205, 
1987. 5 fig, 2 tab, 28 ref. 


Descriptors: *Cyanophyta, *Diatoms, *Dead Sea, 
*Littoral zone, *Solar ponds, *Algae, Salinity, 
Temperature effects, Microorganisms, Bacteria, 
Ponds, Seasonal variation. 


Several species of cyanobacteria, diatoms and one 
euglenoid alga populated the littoral zone of hy- 
persaline solar ponds investigated over a period of 
three years. The composition of the microalgae 
community changed with salinity and temperature. 
In the shallow marginal zone the diatoms predomi- 
nated in winter and spring, a salinities of 30-72 g 
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per | and at temperatures not exceeding 30 C, 
whereas in summer, cyanobacteria were the most 
abundant. In the deeper zone, at higher salinities 
and temperatures, cyanobacteria predominated 
throughout the year. The depth limit of algal 
growth was 60-80 cm, where salinity and tempera- 
ture exceeded 211 g/l and 48 C, respectively. 
(Author’s abstract) 

W89-01521 


STRUCTURE OF THE EPIPHYTIC COMMU- 
NITY OF POSIDONIA OCEANICA LEAVES IN 
A SHALLOW MEADOW, 

Stazione Zoologica di Napoli (Italy). 

For primary bibliographic entry see Field 2L. 
W89-01522 


PRIVATE RIGHTS AND THE PUBLIC TRUST: 
OPPOSING LAKESHORE FUNNEL DEVEL- 
OPMENT, 

For primary bibliographic entry see Field 6E. 
W89-01529 


RATIONALE FOR SAMPLING AND INTER- 
PRETATION OF ECOLOGICAL DATA IN THE 
ASSESSMENT OF FRESHWATER ECOSYS- 
TEMS. 

For primary bibliographic entry see Field 7B. 
W89-01599 


RATIONALE FOR DATA COLLECTION AND 
INTERPRETATION IN THE NORTHERN 
LAKES LONG-TERM ECOLOGICAL RE- 
SEARCH PROGRAM, 

Wisconsin Univ.-Madison. Center for Limnology. 
For primary bibliographic entry see Field 7A. 
W89-01601 


SAMPLING EFFORT REQUIRED TO FIND 
RARE SPECIES OF FRESHWATER MUSSELS, 
Michigan Univ.-Dearborn. 

For primary bibliographic entry see Field 7A. 
W89-01602 


RATIONALE AND SAMPLING DESIGNS FOR 
FRESHWATER MUSSELS UNIONIDAE IN 
STREAMS, LARGE RIVERS, IMPOUND- 
MENTS, AND LAKES, 

Tennessee Valley Authority, Muscle Shoals, AL. 
Div. of Air and Water Resources. 

For primary bibliographic entry see Field 7A. 
W89-01603 


USE OF DETRENDED CORRESPONDENCE 
ANALYSIS IN EVALUATING FACTORS CON- 
TROLLING SPECIES COMPOSITION OF PER- 
IPHYTON, 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7C. 
W89-01607 


SAMPLING AND INTERPRETATION OF 
ALGAL PATTERNS FOR WATER QUALITY 
ASSESSMENTS, 

Louisville Univ., KY. Dept. of Biology. 

For primary bibliographic entry see Field 7C. 
W89-01608 


LEAF PROCESSING IN A RESERVOIR: AN 
EXPERIMENTAL APPROACH, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Biology. 

For primary bibliographic entry see Field 7A. 
W89-01609 


ROLE OF AQUATIC MACROPHYTES IN NU- 
TRIENT FLOW REGULATION IN LOTIC ECO- 
SYSTEMS, 

Texas Univ. at Dallas, Richardson. Graduate Pro- 
gram in Environmental Sciences. 

For primary bibliographic entry see Field 5B. 
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DEVELOPING A SAMPLING STRATEGY, 
Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Center for Environmental Studies. 

For primary bibliographic entry see Field 7A. 
W89-01611 


AQUATIC INVERTEBRATE RESEARCH, 
Georgia Univ., Athens. Dept. of Entomology. 

J. B. Wallace. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 257-268, 3 tab. 


Descriptors: *Invertebrates, *Aquatic environ- 
ment, *Coweeta, *North Carolina, *Forest ecolo- 
gy, *Particulate matter, *Detritus, *Insects, Eco- 
systems, Research priorities, Pesticides, Chirono- 
mids, Ecological effects, Biomass, Productivity, 
Organic matter. 


Most aquatic research at Coweeta has focused on 
the effect of watershed disturbance on stream biota 
and stream ecosystem function. These studies have 
involved changes in energy inputs to streams in- 
cluding alteration of the surrounding forest and 
changes in physical characteristics of streams such 
as increased sediment loads during and after catch- 
ment disturbance. Benthic invertebrates are small 
and represent an insignificant portion of total 
catchment biomass; therefore, the suggestion that 
they influence ecosystem function would seem 
remote at first glance. The suggestion that insect 
shredders can generate considerable quantities of 
fine particulate organic matter (FPOM) and dis- 
solved organic carbon (DOC) by their feeding is 
supported by indirect evidence such as high inges- 
tion rates, low assimilation efficiencies, and their 
ability to comminute coarse particulate organic 
matter (CPOM) to FPOM. An experiment was 
devised to examine the role of insects in processing 
CPOM in two small headwater streams at 
Coweeta. A pesticide was applied to one of two 
adjacent streams, which resulted in massive inver- 
caioute drift (primarily _ insects) from the 
treated stream. Leaf species breakdown rates were 
studied concurrently with the pesticide treatment 
and exhibited the same relative sequence of break- 
down in both the treated and the reference stream 
(i.e., dogwood > red maple > white oak > 
rhododendron). These studies indicated that 
benthic invertebrates play an active and substantial 
role in the processing of CPOM to FPOM in 
headwater streams. Undisturbed Coweeta streams 
tend to retain a large portion of their CPOM 
inputs. The biota, dominated by shredder biomass, 
exploit these retentive characteristics by feeding on 
the retained CPOM and in doing so comminute 
CPOM to FPOM, which is more easily entrained 
and transported downstream. Conversely, in larger 
downstream reaches which are less easily subject- 
ed to channel obstruction, the physical characteris- 
tics favor entrainment. Entrainment and physical 
transport probably overwhelm the retention capac- 
ity of the biota. Annual estimates of P/B (produc- 
tion/X(=mean)biomass) ratios of chironomids 
range from < 1 in arctic tundra ponds to more 
than several hundred in warm streams. Annual P/ 
B’s for chironomids may approach 20 to 50 at 
Coweeta. Based on a pretreatment chironomid bio- 
mass of 86 mg ash feed dry mass (AFDM)/sq m 
for the pesticide treated stream and a daily growth 
rate of ca 0.125 mg mg AFDM body wt/d, chiron- 
omid production alone may approach 4 gm 
AFDM sq m/yr. (See also W89-01691) (Lantz- 


PTT) 
W89-01703 


TROPHIC SIGNIFICANCE OF DISSOLVED 
ORGANIC CARBON IN STREAMS, 

Georgia Univ., Athens. Dept. of Botany. 

For primary bibliographic entry see Field 2E. 
W89-01704 


ACCELERATING RECOVERY OF THE MER- 
CURY-CONTAMINATED WABIGOON/ENG- 
LISH RIVER SYSTEM. 

Ontario Ministry of the Environment, Thunder 


Bay (Ontario). 
For primary bibliographic entry see Field 5G. 
W89-01730 


REGULATED STREAMS: ADVANCES IN 
ECOLOGY. 

Plenum Press, New York, 1987. 43lp. Edited by 
John F. Craig and J. Bryan Kemper. 


Descriptors: *Ecology, *Symposia, *Regulated 
flow, *Streams, Fish, Invertebrates, Water quality, 
Case studies, Model studies. 


The contributions and attendance at the Third 
International Symposium on Regulated Streams 
held at Edmonton, Alberta, in August, 1985, was a 
strong indication of the continuing interest in regu- 
lated stream ecology. The keyword to the sympo- 
sium was ‘advances’ both in basic science and 
scientific management of regulated streams. The 
papers are grouped under the headings Fish Ecolo- 
gy, Invertebrate Ecology, Physical Processes, 
Water Quality and Special Topics, although there 
is much overlap between sections. As far as possi- 
ble, the editorial approach has been to present first 
articles which give an overview of the subject for 
that group and many of these contributions discuss 
the development of models. The papers outline 
empirical data that have been collected, often in 
support of these models. Finally, contributions de- 
scribing case histories are given. In the summary 
the editors attempted to synthesize the main contri- 
butions and make some conclusions especially per- 
taining to the direction of future research. (See 
W89-01736 thru W89-01764) (Lantz-PTT) 
W89-01736 


SIMULATING TROUT FEEDING STATIONS 
IN INSTREAM FLOW MODELS, 

Washington State Dept. of Game, Olympia. 

H. A. Beecher. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 71-82, 6 fig, 2 
tab, 20 ref. 


Descriptors: *Trout, *Simulation analysis, *In- 
stream flow, *Model studies, *Stream biota, *Feed- 
ing rates, Flow Leenene Ecological effects Math- 
ematical studies. 


Hydraulic simulation has several variations, but 
each predicts depth and velocity distributions over 
an array of discrete, contiguous units of streambed 
area (’cells’) at a series of specified stream dis- 
charges. Substrate or cover values are assigned to 
each cell. The habitat function, HABTAT, uses 
substrate or cover together with depth and veloci- 
ty at a specified discharge to calculate a relative 
habitat value for each cell. Relative habitat value 
multiplied by surface area of the cell is summed for 
all cells to yield a weighted usable area (WUA) for 
each specified discharge. HABTAT uses functions 
called habitat preference curves or suitability of 
use criteria to calculate relative habitat value given 
depths, velocity, and substrate or cover. Habitat 
preference curves assign weighting or a preference 
factor ranging from 0 to 1 to each habitat value. A 
preference factor of 0 for velocity V sub z implies 
that adult rainbow trout do not inhabit water with 
velocity V sub z. A preference factor of 1 for 
velocity V sub y implies that the adult rainbow 
trout inhabit water with velocity V sub y as much 
as or more than any other velocity, all else bein 
equal. WUA can be very sensitive to habitat pref- 
erence curves. (See also W89-01736) (Lantz-PTT) 
W89-01741 


EFFECTS OF VARYING FLOWS IN MAN- 
MADE STREAMS ON RAINBOW TROUT 
(SALMO GAIRDNERI RICHARDSON) FRY, 
Otago Univ., Dunedin (New Zealand). Dept. of 
Zoology. 

J. R. Irvine. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 83-97, 10 fig, 1 
tab, 19 ref. 


Descriptors: *Stream biota, *Flow regulation, 


*Trout, *Streamflow, *Streams, *Ecological ef- 
fects, Fish migration, Flow velocity. 
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The construction in 1980 of the lower Waitaki 
River replicate stream channels in New Zealand 
allowed the possibility of studying regulated 
stream flow with controls in space and time. The 
purpose of this paper is to present results from two 
experiments in which the effects of flow changes, 
simulating conditions below a hydroelectric peak- 
ing plant, on rainbow trout fry emigration, growth 
and condition, production and habitat preferences 
were examined. Up to five-fold flow changes oc- 
curring twice daily, five days per week, had re- 
markably little effect on rainbow trout fry, illus- 
trating how well-adapted fry are to varying dis- 
charge. Downstream emigration was not affected. 
However, in separate experiments at the replicate 
streams, downstream emigration of chinook or 
quinnat salmon fry was increased by fluctuating 
discharge. Varying flows resulted in significant 
weight gain for rainbow trout in the low density 
stream. Invertebrate drift densities sometimes in- 
creased during flow changes. Trout habitat prefer- 
ences were similar in constant flowing and fluctu- 
ating streams. (See also W89-01736) Sate PTT) 
W89-01742 


DEVELOPMENT AND APPLICATIONS OF 
MACROINVERTEBRATE INSTREAM FLOW 
MODELS FOR REGULATED FLOW MANAGE- 


Tulsa Univ., OK. Faculty of Biological Science. 
For primary bibliographic entry see Field 4A. 
W89-01743 


STONEFLIES AND RIVER REGULATION - A 
REVI 


Oslo Univ. (Norway). Zoological Museum. 

S. J. Saltveit, J. E. Brittain, and A. Lillehammer. 
IN: Regulated Streams: Advances in Ecology 
Plenum Press, New York, 1987. p 117-129, 72 rel 


pane gore *Stoneflies, *River re ulations, *Eco- 
effects, *Stream biota, *Flow regulation, 
gulated flow, “Literature review, Insects, 
Stroanfiow, Water temperature, Oxygen, Distribu- 
tion patterns, Flow profiles. 


Stoneflies (Piecoptera) are a widespread and abun- 
dant order of benthic freshwater insects, ae 
in the running waters of temperate regions. i 
occupy a central role in trophic relationships bo 
in terms of functional feeding grou ps and as fish 
food organisms. Current is a major factor control- 
ling the distribution and abundance of most lotic 
organisms and this is also the case for stoneflies. 
River regulation invariably modifies both flow pat- 
terns and discharge. This can lead not only to 
changes in current speed and substrate, but also to 
changes in water temperature, oxygen content, 
drift and trophic structure. Temperature is another 
major factor controlling the distribution, abun- 
dance and life cycles of aquatic insects and several 
of the studies on the effect of river regulation on 
stonefiies have cited temperature as a major envi- 
ronmental factor. In this review, the known effects 
of river regulation on stoneflies, and hypotheses to 
explain its differing effect, both under varying YA 
ulation schemes and in various regions of the 
world, are summarized. (See also W89-01736) 
(Lantz-PTT) 

W89-01744 


THERMAL ‘RESETTING’ OF STREAMS BY 
RESERVOIR RELEASES WITH SPECIAL REF- 
ERENCE TO EFFECTS ON SALMONID 
FISHES, 
Freshwater 
(England). 
For primary bibliographic entry see Field 6G. 
W89-01747 


Biological Association, Ambleside 


NATURAL SILTATION OF BROWN TROUT 
(SALMO TRUTTA L.) SPAWNING GRAVELS 
DURING LOW-FLOW CONDITIONS, 
Freshwater Biological Association, 
(England). 

For primary bibliographic entry see Field 2J. 
W89-01751 


Ambleside 
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STUDY DESIGN FOR FISHERIES AND HY- 
DROLOGY ASSESSMENT IN A GLACIAL WA- 
TERSHED IN BRITISH COLUMBIA, 

British Columbia Hydro and Power Authority, 
Vancouver. 

H. A. Smith, S. P. Blachut, and B. Bengeyfield. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 289-301, 5 fig, 4 
tab, 14 ref. 


Descriptors: ‘*Fisheries, *Hydrologic _ studies, 
*Rivers, *Stream biota, British Columbia, Glacial 
watersheds, Canada, Glacial streams, Fish, Ecosys- 
tems. 


In Canada those rivers with glaciated catchments 
and salmonids primarily include major rivers 
which transect the Coast Mountains, of which the 
Homathko River is an example. These river basins 
are characterized by very rugged topography, 
steep gradients, high precipitation and heavy glaci- 
ation. The rivers are utilized by significant runs of 
wild stocks of anadromous and resident salmonids. 
This combination of important fisheries stocks uti- 
lizing complex mountainous glacial rivers in 
remote locations presents numerous problems 
beyond a typical instream flow assessment, includ- 
ing a study design, logistics and lack of historical 
data. These glacial river systems present a very 
dynamic physical environment. As a result, the fish 
populations are adapted to such variability. Study 
methodologies require considerable assessment and 
modification to the specific river under investiga- 
tion. ‘Off-the-shelf models will not necessarily ad- 
dress all the significant parameters identified by 
hydrology-fisheries linkage studies. The impor- 
tance of understanding the habitat-population link- 
ages must not be underestimated, as the ultimate 
result of an impact assessment should be in terms 
of number of fish, area of habitat. (See also W89- 
01736) (Lantz-PTT) 

W89-01756 


PHOSPHORUS SPIRALLING IN RIVERS AND 
RIVER-RESERVOIR SYSTEMS: IMPLICA- 
TIONS OF A MODEL, 

Academy of Natural Sciences of Philadelphia, 
Avondale, PA. Stroud Water Research Center. 
J. D. Newbold. 

IN: my Streams: Advances in Ecology. 
es ~~ New York, 1987. p 303-327, 8 fig, 2 
tab, 98 ref. 


Descriptors: *Phosphorus, *Rivers, *Model stud- 
ies, *Reservoirs, *Ecological effects, *Cycling nu- 
trients, Nutrient cycling, Fluctuations, Water qual- 
ity, Benthic environment, Reservoirs. 


The term spiralling refers to the coupled processes 
of cycling and downstream transport of nutrients. 
The intuitive notion of the spiral is, most simply, 
that of a nutrient cycle that fails to close in place in 
a stream, but rather is stretched by transport along 
the longitudinal axis of the stream. Two extreme 
modes have been characterized for spiralling in a 
lotic system, suggesting that real systems lie some- 
where in between. At one extreme, the system is 
highly nutrient retentive, nutrients are neither de- 
pleted nor limiting, and therefore the spiralling of a 
nutrient plays no regulatory role. The headwater 
reaches of my hypothetical rivers approximate this 
mode. At the other extreme, the system is not 
retentive, nutrients are depleted to a limiting level, 
and therefore spiralling--or internal control over 
the form of downstream nutrient fluxes--plays a 
central role in mediating nutrient utilization. The 
model suggests that the transition to a nutrient- 
limited, transporting mode can be induced either 
through a single impoundment discharging plank- 
ton rich, nutrient poor water, or through a series of 
small regulatory impoundments whose primary 
effect is to slow the velocity of the river. This has 
two major practical implications: first, impound- 
ment may reduce benthic activity, and perhaps 
total (water column plus benthic) productivity, as a 
result of nutrient depletion. Second, by inducing 
nutrient limitation, impoundments can produce a 
system in which response to nutrient loading is 
much greater than in the pristine benthic-dominat- 
ed system. (See also W89-01736) (Lantz-PTT) 
W89-01757 


WATER TEMPERATURE CONTROL AND 
AREAL OXYGEN CONSUMPTION RATES AT 
A NEW RESERVOIR, AND THE EFFECTS ON 
THE RELEASE WATERS, 

Army Engineer District, Portland, OR. 

R. A. Cassidy, and P. E. Dunn. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 339-351, 9 fig, 2 
tab, 16 ref. 


Descriptors: *Water quality control, *Water tem- 
perature, *Oxygen, *Selective withdrawal, *Eco- 
logical effects, *Reservoirs, Regulated flow, Ther- 
mal pollution, Dissolved oxygen. 


Use of a multiple level withdrawal structure at 
Applegate Lake has reduced the short-term harm- 
ful effects in the downstream river which are asso- 
ciated with a new reservoir. During the first year 
of impoundment, when significant water quality 
degradation can occur in a reservoir, water re- 
leased through the selective withdrawal structure 
at Applegate Lake provided the receiving stream 
with summer water temperatures of 10 C to 15 C 
and reduced the development of a dissolved 
oxygen deficit. Although the dissolved oxygen 
concentrations in the reservoir during the first year 
of impoundment dropped to approximately 1 mg/ 
L, the reservoir did not become completely anoxic. 
This achievement prevented by-products of 
anoxia, such as hydrogen sulfide gas, from being 
released downstream to subject the aquatic orga- 
nisms in the regulated river system to physiological 
stress. (See also W89-01736) (Lantz-PTT) 
W89-01759 


CHEMICAL AND BIOLOGICAL CHANGES IN 
THE TER RIVER INDUCED BY A SERIES OF 
RESERVOIRS, 

Barcelona Univ. (Spain). Dept. de Ecologia. 

For primary bibliographic entry see Field 6G. 
W89-01762 


ST. CLAIR RIVER AND LAKE ST. CLAIR, 
MICHIGAN: AN ECOLOGICAL PROFILE, 

Fish and Wildlife Service, Ann Arbor, MI. Great 
Lakes Fishery Lab. 

T. A. Edsall, B. A. Manny, and C. N. Raphael. 
Fish and Wildlife Service, Washington, DC. Bio- 
logical Report 85(7.3), April 1988. 130p, 75 fig, 40 
tab, 218 ref. 


Descriptors: *St. Clair River, *Lake St. Clair, 
*Michigan, *Ecosystem, Wetlands, Flora, Fauna, 
Fishing, Waterfowl, Navigation, Water pollution 
effects, Biological studies, Ecology. 


The St. Clair system is an extremely valuable re- 
source that provides quality recreational opportu- 
nities to many people in southeast Michigan and 
the bordering areas of Ontario. Much of the St. 
Clair Delta remains in its natural state and more 
than 42,000 acres of wetlands in the delta support a 
large and diverse flora and fauna. The St. Clair 
system is heavily used by recreational boaters, 
waterfowl hunters, and anglers. Fishing through 
the ice is a popular winter activity in some parts of 
the system. The waters of the St. Clair system are 
also used for navigation and for the disposal of 
municipal and industrial wastes, while the shore- 
lines support industrial and residential develop- 
ment and agriculture. Recognition of potentially 
severe use conflicts has focused concern on prepa- 
ration by Michigan and Ontario of Remedial 
Action Plans designed to control pollution by toxic 
substances and restore all beneficial uses to each 
affected area, consistent with a continued, multi- 
ple-use philosophy for the system. This profile is a 
synthesis of available information on this water- 
way, especially information pertinent to managing 
the biological resources of the river and lake. In- 
formation gaps are identified and accommodated 
by reference to research done elsewhere or to 
management plans for other similar rivers and 
lakes. Wherever possible, the river and lake are 
described from a systems viewpoint as an intact, 
integrated unit of the Great Lakes ecosystem. 
(Lantz-PTT) 
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WILDLIFE PROTECTION, MITIGATION, AND 
ENHANCEMENT PLAN, PALISADES 
PROJECT, 

Idaho Dept. of Fish and Game, Boise. 

For primary bibliographic entry see Field 5G. 
W89-01771 


INSTREAM FLOWS NEEDED FOR SUCCESS- 
FUL MIGRATION SPAWNING AND REARING 
OF RAINBOW AND WESTSLOPE CUT- 
THROAT TROUT IN SELECTED TRIBUTAR- 
IES OF THE KOOTENAI RIVER, 

Montana Dept. of Fish, Wildlife and Parks, Kali- 
spell. 

B. Marotz, and J. Fraley. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-009904. 
Price codes: A06 in paper copy, AO1 in microfiche. 
DOE Report No. DOE/BP/23666--1, December 
1986. Final Report. 177p, 61 fig, 42 tab, 19 ref, 3 
append. DOE Contract DE-AI79-85BP23666. 
Bonneville Power Administration BPA 85-6. 


Descriptors: *Fish migration, *Spawning, *Rain- 
bow trout, *Cutthroat trout, *Instream flow, 
*Water demand, *Kootenai River, Trout, Fisher- 
ies, Fish populations, Bristow Creek, Quartz 
Creek, Water temperature, Pike Creek, Detritus. 


The Kootenai River fishery is threatened by mi- 
crohydro and other water use development which 
reduce tributary habitat critical for maintaining a 
healthy spawning and rearing environment. Elec- 
trofishing in stream reaches where instream flow 
measurements were made indicates the relative 
recruit production value of the various streams. Of 
all reservoir tributaries investigated, Bristow Creek 
contained the greatest number of trout (Salmo spp. 
> or = 75 mm) per km (12,179 + or - 143). 
Quartz Creek, containing an estimated 853 + or - 
438 Salmo spp. (> or = 75 mm) per km, ranked 
highest among the main stem Kootenai River trib- 
utaries. Migrant Salmo spp. utilizing Bristow and 
Quartz creeks during spring were captured and 
released through a bi-directional fish trap. Schna- 
bel’s multiple census estimate was used to quantify 
the total migrant populations. An estimated 285 
adult fish (range 224 to 336, P > or = 0.95) 
migrated into Bristow Creek to spawn. Quart 
Creek was used by an estimated 280 migrants 
(range 177 to 444). The timing of the run corre- 
spond with increasing water temperatures in both 
creeks. Fluvial bull trout enter spawning areas in 
Grave, Quartz, and “ y creeks during fall. A total 
of 24 large adult bull trout were captured and 
released while migrating into Quartz Creek. Ko- 
kanee salmon migrated during fall to spawn in the 
Tobacco River and its major tributaries, Fortine 
and Grave creeks, as well as the Fisher River and 
Libby Creek below Libby Dam. Log and debris 
jams are obstacles to migrant fish in Barron, Bob- 
tail, Bristow, Deep, Fivemile, Pinkham, Pipe and 
Quartz creeks. Periodic debris removal may be 
needed to maintain access to spawning gravels. 
Sediment pollution and channel instability caused 
by man’s activities in the Kootenai watershed con- 
tinue to threaten the health of the fishery resource. 
(Lantz-PTT) 
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BIOLOGICAL AND PHYSICAL INVENTORY 
OF THE STREAMS WITHIN THE NEZ PERCE 
RESERVATION: JUVENILE STEELHEAD 
SURVEY AND FACTORS THAT AFFECT 
ABUNDANCE IN SELECTED STREAMS IN 
THE LOWER CLEARWATER RIVER BASIN, 
IDAHO, 

Nez Perce Tribe, Lapwai, ID. Fisheries Resource 
Management. 

P. A. Kucera, and D. B. Johnson. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-009919. 
Price codes: A10 in paper copy, AOI in microfiche. 
DOE Report No. DOE/BP/10068--T1, August 
1986. 252 p, 92 fig, 53 tab, 62 ref, 2 append. DOE 
Contract DE-AI79-83BP10068. Project No. 82-1. 


Descriptors: *Biological studies, *Steelhead trout, 
*Clearwater River, *Idaho, *Nez Perce Reserva- 
tion, Streams, Fish, Trout, Biomass, Productivity, 





Flow velocity, Water temperature, Seasonal varia- 
tion, Fish migration, Smolt, Genetics. 


A biological and physical inventory of selected 
tributaries in the lower Clearwater River basin was 
conducted by the Nez Perce Tribe Department of 
Fisheries Management during 1983 and 1984. The 
purpose of the juvenile steelhead study was to 
collect information for the development of alterna- 
tives and recommendations for the enhancement of 
the anadromous fish resources in streams on the 
Nez Perce Reservation. Five streams within the 
Reservation were selected for study: Bedrock and 
Cottonwood Creeks were investigated over a two 
years period (1983-1984) and Big Canyon, Jacks 
and Mission Creeks were studied for one year 
(1983). Biological information was collected and 
analyzed on the density, biomass, production and 
outmigration of juvenile summer steelhead trout. 
Physical habitat information was collected on 
available instream cover, stream discharge, stream 
velocity, water temperature, bottom substrate, em- 
beddedness and stream width and depth. The 
present report focuses on the relationships between 
physical stream habitat and juvenile steelhead trout 
abundance. The downstream outmigration of juve- 
nile steelhead principally occurred during the 
spring and fall periods. Fall pulses in downstream 
movement were generally reflected in short term 
increases in yearling fish densities at lower stream 
sampling stations. Abundance of yearling steelhead 
in the spring of 1984 (May-June) actually increased 
as the smolt outmigration was completed The re- 
distribution of non-smolt age I+ fish into the 
sample station locations, apparently accounts for 
the increase. Genetic stock assessment of four Res- 
ervation stream steelhead populations indicated 
that two of the streams may have been affected by 
Dworshak Hatchery steelhead. The remaining two 
populations were more similar to steelhead from 
the grande Ronde, Imnaha and Salmon River sys- 
tems. (Lantz- 
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IDAHO HABITAT EVALUATION FOR OFF- 
SITE MITIGATION RECORD: ANNUAL 
REPORT 1985, 

Idaho Dept. of Fish and Game, Boise. 

C. E. Petrosky, and T. B. Holubetz. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-009921. 
Price codes: A10 in paper copy, A01 in microfiche. 
DOE Report No. DOE/BP/13381--2, April 1986. 
285p, 37 fig, 78 tab, 56 ref, 3 append. DOE Con- 
tract DE-AI79-84BP 13381. Project No. 83-7. 


Descriptors: *Idaho, *Clearwater River, *Fish 
populations, *Salmon River, *Environmental ef- 
fects, Steelhead trout, Salmon, Water use, Sedi- 
mentation, Aquatic habitats, Water quality, Smolt, 
Fisheries. 


The Idaho Department of Fish and Game (IDFG) 
conducted an evaluation of existing and proposed 
habitat improvement projects for anadromous fish 
in the Clearwater River and Saimon River drain- 
ages during 1984 and 1985. Projects included in the 
evaluation are funded by or proposed for funding 
by the Bonneville Power Administration under the 
Northwest Power Planning Act. The Clearwater 
River and Salmon River drainages account for 
virtually all of Idaho’s wild and natural production 
of summer steelhead and spring and summer chi- 
nook salmon, as well as a remnant run of sockeye 
salmon. Although a majority of the habitat still 
available to steelhead and salmon is high quality, 
man’s activity in Idaho has degraded many 
streams. Sedimentation has increased with wide- 
spread logging, road building, and associated ac- 
tivities. Intensive livestock grazing near streams 
has removed riparian vegetation, changed stream 
morphology, and accelerated soil erosion. Mining 
has profound effects in parts of the drainages 
through stream channel alterations, discharge of 
toxic effluents, and increased sedimentation. Irriga- 
tion withdrawals have reduced flows and increased 
water temperatures, often to critical levels for 
steelhead and salmon during summer. Primary ob- 
jectives of this evaluation project are to: (1) docu- 
ment physical changes that result from habitat 
enhancement; (2) measure changes in steelhead and 
chinook parr/smolt production attributable to all 


habitat enhancement projects; (3) determine 
project effectiveness to guide future enhancement 
activity, and (4) determine benefits in terms of 
increased smolt and adult production resulting 
from each habitat enhancement project. General 
level studies on each project will provide a large 
database that can be used to predict response of 
increased or decreased fish production from a 
physical change in anadromous fish habitat. This 
data should assist sponsors of future habitat en- 
hancement projects in more accurately estimating 
fishery benefits of their pro projects. This 
database will also assist in defining limiting habitat 
factors for the various types of streams in Idaho. 
(Lantz-PTT) 
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EVALUATION OF THE USE OF COMMUNITY 
SIMILARITY TECHNIQUES AS APPLIED TO 
PHYTOPLANKTON COMMUNITI 

Kansas Univ., Lawrence. 

D. C. Reinke. 

IN: Community Toxicity Testing. A Symposium 
Sponsored by ASTM Committee D-19 on Water, 
Colorado Spring, Colorado, May 6-7, 1985. Ameri- 
can Society for Testing and Materials, Philadel- 
phia, Pennsylvania. ASTM Special Technical Pub- 
lication 920, 1986. p 6-17, 16 tab, 10 ref. 


Descriptors: *Phytoplankton, *Ecosystems, *Spe- 
cies composition, *Similarity index, Performance 
evaluation, Comparison studies, Species, Diversity, 
Biomass, Statistical studies, Ecology. 


Seven community similarity indices were com- 
pared using a manipulated data set with known 
changes and an experimental data set of phyto- 
plankton community data. Community similarities 
were calculated based on: (1) strict number of 
individuals per species, and (2) corrected for spe- 
cies size with an estimate of total biomass. The 
similarity techniques used in this study were heavi- 
ly affected by the abundant species, and changes in 
the minor taxa were frequently undetectable. Two 
of the seven statistics were previously unpublished 
modifications of the Percent Similarity method of 
Whittaker, which were specifically modified to 
enhance the sensitivity to changes in low frequen- 
cy species and proportional changes. While com- 
plex numerical techniques are commonplace in ec- 
ological literature, there is no generally accepted 
mathematical definition of community similarity. 
Ideally community comparison techniques should 
be sensitive to the loss or gain of a species and to 
changes in abundance of low and high frequency 
taxa. They should also detect proportional 
changes. None of the community similarity tech- 
niques used in this study fulfilled all the above 
requirements completely. All the similarity tech- 
niques assigned similarity values based on the pres- 
ence of individuals. Perfect replication of cell 
counts for scarce species added little or nothing to 
the similarity values. At this time, a combination of 
Statistical techniques using both numbers per taxa 
and an estimate of total biomass per taxa is recom- 
mended for the analysis of phytoplankton commu- 
nity data. (See also W89-01783) (Author’s abstract) 
W89-01784 


NDS, 
Ohio State Univ., Columbus. School of Natural 
Resources. 
W. J. Mitsch, and J. G. Gosselink. 
Van Nostrand Reinhold Co., New York. 1986. 
5392p. 


Descriptors: *Wetlands, *Ecosystems, Coastal 
marshes, Wetland management, Tide lands, 
Swamps, Marshes. 


Wetlands of North America are considered in this 
textbook with emphasis on the wetlands of the 
United States. A dual picture is presented of wet- 
land ecology: (1) a general view of principles and 
components of wetlands that have broad applica- 
tion to many wetland types; and (2) an ecosystem 
view of wetlands that looks in detail at the struc- 
ture and function of dominant wetland types. The 
text is divided into five parts: (1) Introduction; (2) 
The Wetland Environment; (3) Coastal Wetland 
Ecosystem; (4) Inland Wetland Ecosystems; and 
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(5) Management of Wetlands. (See also W89- 
01783) (Lantz-PTT) 
W89-01800 


INVERTEBRATE FISH FOOD RESOURCES 
OF LOTIC ENVIRONMENTS, 
—_— Protection Agency, Washington, 


L. E. Keup. 

Instream Flow Information Paper No. 24. Fish and 
Wildlife Service Biological Report 88(13), June 
1988. 96 p, 9 fig, 10 tab, 107 ref, 2 append. 


Descriptors: *Invertebrates, *Fish food, *Instream 
flow, *Water demand, *Limnology, *Lotic envi- 
ronment, Food chain, Fish, Ecosystems, Rivers, 
Aquatic plants, Detritus. 


Fish are the aquatic ecosystem’s end product har- 
vested by man. Food supply may regulate the 
production of fish. This report deals with analysis 
and evaluation of fish food stocks. The scope is 
limited to river habitats and their invertebrate sup- 
plies of food. Information is most applicable to 
smaller streams or rivers--up to mean annual dis- 
charges of approximately 1,000 cfs. Emphasis is 
placed on the macroinvertebrate (visible to the 
naked eye) food animals. These are the primary 
food items of the carnivorous sport and food fishes 
(e.g., trout, bass, etc.) that are of high management 
interest. Three main sections discuss: (1) the habitat 
of fish food animals; (2) the ‘drift’ phenomenon; 
and (3) the effects of flow on the habitat and 
organisms. Aquatic vegetation, logs, or debris in a 
stream increase the physical habitat available for 
benthic animals. A method is presented to estimate 
the area of habitat available from tree remains in a 
stream. A ‘key’ is presented to aid managers in a 
cursory examination of fish and fish food informa- 
tion. The key assists in narrowing the range of 
potential problems managers need to consider in 
evaluating a river’s biological resources. (Author’s 
abstract) 
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DETROIT RIVER, MICHIGAN: AN ECOLOGI- 
CAL PROFILE, 

Fish and Wildlife Service, Ann Arbor, MI. Great 
Lakes Fishery Lab. 

B. A. Manny, T. A. Edsall, and E. Jaworski. 

Fish and Wildlife Service Biological Report 
85(7.17), April 1988. 86p, 30 fig, 41 tab, 220 ref. 


Descriptors: *Detroit River, *Aquatic environ- 
ment, *Ecosystems, *Michigan, Lake Huron, Lake 
Erie, Nutrients, Fish, Hydrological studies, Water- 
fowl, Wetlands, Ecological effects, Wastewater 
disposal, Water pollution effects, Water quality, 
Great Lakes. 


A part of the connecting channel system between 
Lake Huron and Lake Erie, the Detroit River 
forms an integral link between the two lakes for 
both humans and biological resources such as fish, 
nutrients, and plant detritus. This profile summa- 
rizes existing scientific information on the ecologi- 
cal structure and functioning of this ecosystem. 
Topics include the geological history of the region, 
climatic influences, river hydrology, lower troph- 
ic-level biotic components, native and introduced 
fishes, waterfowl use, ecological interrelationships, 
commercial and recreational uses of the river, and 
current management issues. Despite urbanization, 
the river still supports diverse fish, waterfowl, and 
benthic populations. Management issues include 
sewer overflows; maintenance dredging for navi- 
gation and port activities; industrial discharges of 
potentially hazardous materials; and wetland, fish- 
ery, and waterfowl protection and enhancement. 
(Author’s abstract) 
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RECOMMENDED’ BIOLOGICAL INDICES 
FOR 301(H) MONITORING PROGRAMS, 
Environmental Protection Agency, Washington, 
DC. Office of Marine and Estuarine Protection. 
For primary bibliographic entry see Field 7B. 
W89-01812 
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ASTM STANDARDS ON MATERIALS AND 
ENVIRONMENTAL MICROBIOLOGY. 
American Society for Testing and Materials, Phila- 
delphia, PA. 

American Society for Testing and Materials, Phila- 
delphia, Pennsylvania. 1987. 307p. 


Descriptors: *Standards, *Water analysis, *Micro- 
biological studies, *Materials, Regulations, Public 
health, Biodegradation, Biological treatment. 


This volume of ASTM standards focuses on mate- 
rials that were of interest to individuals of the 
ASTM Subcommittee E35.15 on antimienobial 
agents (such as wood, paper, adhesives, or paints), 
with test methods for specific microorganisms 
(such as water or air), or with test methods for 
evaluating biocides (such as cosmetic or process 
water). The specific focus of this book is: general 
methodology; test methods for specific microorga- 
nisms; microbiological contamination and biodeter- 
ioration assessment; human contact/public health; 
and materials and process protection by preserva- 
tive or biocide use. (Lantz-PTT) 
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ECOLOGICAL CONSIDERATIONS IN WET- 
LANDS TREATMENT OF MUNICIPAL 
WASTEWATERS. 

For primary bibliographic entry see Field 5D. 
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WETLAND SYSTEMS FOR WASTEWATER 
TREATMENT: ENGINEERING APPLICA- 
TIONS, 

Ramlit Associates, Inc., Berkeley, CA. 

For primary bibliographic entry see Field 5D. 
W89-01828 


DESIGN 
LANDS, 
Ontario Ministry of the Environment, Toronto. 
Policy and Planning Branch. 

I. Wile, G. Miller, and S. Black. 

IN: Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. Van Nostrand 
Reinhold Company, New York. 1985. p 26-37, 3 
fig, 2 tab, 7 ref. 


AND USE OF ARTIFICIAL WET- 


Descriptors: *Artificial wetlands, *Wastewater 
treatment, *Wetlands treatment, Hydraulic load- 
ing, Land use, Site selection, Hydraulic detention 
time, Insect control. 


The use of wetlands for wastewater treatment has 
received increasing attention in North America. 
To date, attention has largely focused on the use of 
natural wetlands for tertiary treatment. Artificial 
wetlands, however, offer greater scope for general 
use and are not restricted by many of the environ- 
mental concerns and user conflicts associated with 
natural wetlands. Unlike natural wetlands, which 
are confined by availability and proximity to the 
sewage source, engineered marshes can be built 
anywhere, including lands with limited alternative 
uses. They also offer greater scope for design and 
management options and thus may provide superi- 
or performance and reliability. Use of artificial 
wetlands for year-round treatment of sewage has 
been under study in Ontario since 1979. An experi- 
mental facility in Listowel, Ontario, consists of five 
separate marsh systems and provides flexibility in 
pretreatment (conventional lagoon; complete-mix 
aerated cell), system configuration, hydraulic load- 
ing rates, liquid depths, and detention times. Data 
from this facility has been used to develop prelimi- 
nary design and management guidelines. Design 
considerations such as: site selection, pretreatment, 
vegetation, marsh configuration, hydraulic load- 
ing/detention time, and land requirements, are one 
focus of discussion. A second focus is management 
considerations (i.e. hydraulic detention time, har- 
vesting of vegetation, resources recovery and pest 
control). (W89-01827) (Lantz-PTT) 
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MOSQUITO CONSIDERATIONS IN THE 
DESIGN OF WETLAND SYSTEMS FOR THE 
TREATMENT OF WASTEWATER, 


Dewante and Stowell, Sacramento, CA. 
For primary bibliographic entry see Field 5D. 
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CONSIDERATIONS FOR WETLAND TREAT- 
MENT OF SPENT GEOTHERMAL FLUIDS, 
CH2M, Inc., Portland, OR. 

For primary bibliographic entry see Field 5D. 
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ECOLOGICAL PERSPECTIVES ON WETLAND 
SYSTEMS, 

Wisconsin Univ.-Milwaukee. Dept. of Botany. 

G. R. Guntenspergen, and F. Stearns. 

IN: Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. Van Nostrand 
Reinhold Company, New York. 1985. p 69-97, 177 
ref. NSF Grant DEB 791 2516. 


Descriptors: *Wetlands, *Ecological effects, 
*Wastewater treatment, *Water pollution effects, 
Literature reviews, Nutrients, Environmental ef- 
fects, Artificial wetlands, Economic aspects. 


An attempt was made to find common factors 
among processes in different wetland types. The 
universal presence of water--although under a vari- 
ety of hydrologic regimes--helps to generate the 
diversity of wetlands seen. Wetland species have 
adapted in different ways to the variables that 
force wetland processes, with the result that each 
wetland requires individual consideration. Some 
short-term studies have shown wetlands to be ef- 
fective in improving the quality of effluent dis- 
charges with few adverse effects. However, this 
evidence is equivocal. In the long term, the use of 
wetlands for such purposes may be counterproduc- 
tive. If a wetland changes as a result of effluent 
addition (i.e., both nutrients and water), the new 
steady state that is achieved may not meet the 
desired goal of filtering nutrients and other pollut- 
ants and/or maintaining the traditional wetland 
values. If wetlands are to be maintained for a 
variety of uses, caution must be exercised concern- 
ing the inputs imposed on them. The effluent addi- 
tion on wetland function are considered. Changes 
occur, but because of the obvious individuality of 
wetlands, it is difficult to predict the responses 
exactly or to generalize about them. Too little is 
known about these systems to permit realistic judg- 
ments to be made concerning the economic and 
environmental trade-offs. One way to understand 
the relationship between wetland structure, func- 
tion, and effluent discharge better is to construct 
artificial systems and model these interactions. 
Such systems can be easily manipulated and differ- 
ent variables isolated and monitored. (See also 
W89-01827) (Lantz-PTT) 
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WATER 
VALUES, 
Florida Univ., Gainesville. Dept. of Environmental 
Engineering Sciences. 

H. T. Odum. 

IN: Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. Van Nostrand 
Reinhold Company, New York. 1985. p 98-111, 7 
fig, 1 tab, 21 ref. 
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Descriptors: *Wetlands treatment, *Economic as- 
pects, *Wastewater treatment, *Water conserva- 
tion, *Wetlands, Energy, Environmental manage- 
ment, Value, Ecosystems. 


The water-wetland system may be summarized 
with an energy circuit diagram that is both a 
kinetics model and an energy-accounting network. 
Water is used for photosynthesis and transpired in 
the process. Central to the valuation of wetlands is 
the concept of embodied energy. As energy flows 
through successive compartments, the original 
solar energy is transformed to energy of higher 
organization and quality but less caloric quantity. 
The increasing value of water by virtue of its 
convergence to higher quality is measured by the 
energy transformation ratio (global solar calories 
used per calorie of higher-quality type delivered). 
With successive steps of use and value added as the 
environmental product is transferred and trans- 


formed through successive steps, more energy is 
used at each step to accomplish the next, and so 
on. The dollars paid to a human who first brings 
the free resource into the economy are a very 
small part of the ultimate work accomplished. The 
dollar circulation ultimately stimulated can be esti- 
mated by the proportion that the water’s embodied 
energy is of the total embodied energy of the 
economy. This is the proportion of the Gross 
National Product (GNP) due to that contribution. 
Wetlands have very high embodied energy and 
higher contributions to economic dollar circulation 
than those of many other ecosystems because of 
their role in converging the embodied energy of 
water. Water has higher dollar values to an econo- 
my than usually assigned when only human proc- 
essing costs are considered. This is a larger value 
than the microeconomic price. Wetlands are valua- 
ble because many of them conserve water and 
filter recharging waters. Wetlands are especially 
valuable for wastewater recycling because they are 
solar energy driven, self-maintaining, and self-or- 
ganizing. Thus they are very appropriate to the 
times and to the ideals of ecological engineering as 
first developed with the multiple seeding principle 
in microcosms. (See also W89-01827) (Lantz-PTT) 
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ENERGY FLOW IN WETLANDS, 

Massachusetts Univ., Amherst. Dept. of Forestry 
and Wildlife Management. 

For primary bibliographic entry see Field 5D. 
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COMPARISONS OF THE PROCESSING OF 
ELEMENTS BY ECOSYSTEMS, I: NUTRI- 
ENTS, 

Cornell Univ., Ithaca, NY. Ecosystems Research 
Center. 

J. R. Kelly, and M. A. Harwell. 

IN: Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. Van Nostrand 
Reinhold Company, New York. 1985. p 137-157, 
10 fig, 2 tab, 26 ref. EPA Contract CR 807856 01. 


Descriptors: *Wetlands, *Wastewater treatment, 
*Phosphates, *Fate of pollutants, *Ecosystems, 
*Wastewater disposal, *Nutrients, Cycling nutri- 
ents, Nitrogen, Phosphorus, Land disposal, Wet- 
lands. 


A comparison of nutrient-processing characteris- 
tics of ecosystems can be made by looking at 
input/output relationships. Since gaseous N ex- 
changes have not been quantified, a large number 
of ‘natural’ sites, especially terrestrial forests, 
appear from the data that are available to retain at 
least 50% of the N input. Addition of a consider- 
able amount of N with sewage or other nutrient 
applications to terrestrial systems and wetlands 
does not change the gross pattern of input/output 
relationships observed. Added inputs to these eco- 
systems are accompanied by added outputs, result- 
ing in a shift to parallel the ecosystems receiving 
inputs of an equal magnitude. P input/output rela- 
tionships differ somewhat from the patterns for N. 
Many studies involve PO4 estimation, rather than 
total P; both are reported here. While a number of 
ecosystems retain a large proportion of P inputs, 
many appear to be nearly flow-through systems. 
Terrestrial systems exhibit quite thorough removal 
of added PO4 prior to water outflow, dramatically 
demonstrated by the horizontal shift along the 
input axis from natural to enriched sites. This ter- 
restrial retention would not have been predicted 
simply from knowledge of the natural ecosystem’s 
processing capability. Finally, wetlands vary 
broadly in the processing efficiency of added P, 
ranging across an order of magnitude in percent 
retention. (See also W89-01827) (Lantz-PTT) 
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COMPARISONS OF THE PROCESSING OF 
ELEMENTS BY ECOSYSTEMS, II: METALS, 
Marine Biological Lab., Woods Hole, MA. 

For primary bibliographic entry see Field 5D. 
W89-01837 





EFFECT OF NATURAL HYDROPERIOD 
FLUCTUATIONS ON FRESHWATER WET- 
LANDS RECEIVING ADDED NUTRIENTS, 
Department of Fisheries and Oceans, Winnipeg 
(Manitoba). Freshwater Inst. 

For primary bibliographic entry see Field 5D. 
W89-01838 


SIGNIFICANCE OF HYDROLOGY TO WET- 
LAND NUTRIENT PROCESSING, 

Massachusetts Inst. of Tech., Cambridge. Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 5D. 
W89-01839 


EFFECTS OF WASTEWATER ON WETLAND 
ANIMAL COMMUNITIES, 

Lake Michigan Federation, Chicago, IL. 

For primary bibliographic entry see Field 5C. 
W89-01840 


VEGETATION IN WETLANDS RECEIVING 
SEWAGE EFFLUENT: THE IMPORTANCE OF 
THE SEED BANK, 
Smithsonian Environmental 
Edgewater, MD. 

For primary bibliographic entry see Field SD. 
W89-01842 


Research Center, 


PUBLIC HEALTH IMPLICATIONS OF 
SEWAGE APPLICATIONS ON WETLANDS: 
MICROBIOLOGICAL ASPECTS, 

Massachusetts Univ. at Boston. Dept. of Biology. 
For primary bibliographic entry see Field 5C. 
W89-01843 


WILDLIFE HEALTH IMPLICATIONS OF 
SEWAGE DISPOSAL IN WETLANDS, 

National Wildlife Health Lab., Madison, wil. 

For primary bibliographic entry see Field SE. 
W89-01844 


MICROBIOLOGICAL STUDIES OF MUNICI- 
PAL WASTE RELEASE TO AQUATIC ENVI- 
RONMENTS, 

=_—" Univ., College Park. Dept. of Microbi- 
ology 

For primary bibliographic entry see Field 5D. 
W89-01845 


MICROBIAL TRANSFORMATIONS OF DE- 
TRITAL CARBON IN WETLAND ECOSYS- 
TEMS: EFFECTS OF ENVIRONMENTAL 
STRESS, 

Georgia Univ., Athens. Dept. of Microbiology. 
For primary bibliographic entry see Field 5D. 
W89-01846 


LONG-TERM IMPACTS OF AGRICULTURAL 
RUNOFF IN A LOUISIANA SWAMP FOREST, 
Louisiana State Univ., Baton Rouge. Center for 
Wetland Resources. 

For primary bibliographic entry see Field 4C. 
W89-01848 


MISSISSIPPI RIVER DELTA: A NATURAL 
WASTEWATER TREATMENT SYSTEM, 
Louisiana State Univ., Baton Rouge. Center for 
Wetland Resources. 

For primary bibliographic entry see Field 5D. 
W89-01849 


AGING PHENOMENA 
WETLANDS, 

Michigan Univ., Ann Arbor. Dept. of Chemical 
Engineering. 

For primary bibliographic entry see Field 5D. 
W89-01850 


IN WASTEWATER 


ECOLOGICAL EVALUATION PROCEDURE 
FOR DETERMINING WETLAND SUITABIL- 
ITY FOR WASTEWATER TREATMENT AND 
DISCHARGES, 


Southeast Wisconsin Regional Planning Commis- 
sion, Waukesha. 

For primary bibliographic entry see Field 5D. 
W89-01852 


MANAGEMENT POTENTIAL FOR NUTRIENT 
REMOVAL IN FORESTED WETLANDS, 

East Carolina Univ., Greenville, NC. Dept. of 
Biology. 

For primary bibliographic entry see Field SD. 
W89-01853 


WETLAND-WASTEWATER ECONOMICS, 
Williams and Works, Grand Rapids, MI. 

For primary bibliographic entry see Field 5D. 
W89-01854 


USE OF WETLANDS FOR WASTEWATER 
TREATMENT AND EFFLUENT DISPOSAL: 
INSTITUTIONAL CONSTRAINTS, 

ua Protection Agency, Washington, 


For primary bibliographic entry see Field 5D. 
W89-01855 


RESPONSES OF WETLANDS AND NEIGH- 
BORING ECOSYSTEMS TO WASTEWATER, 
Florida Univ., Gainesville. Inst. of Food and Agri- 
cultural Sciences. 

For primary bibliographic entry see Field SC. 
W89-01856 


WETLANDS, WASTEWATER, AND WILDLIFE, 
Utah State Univ., Logan. Dept. of Wildlife Sci- 
ence. 

For primary bibliographic entry see Field 5C. 
W89-01857 


WETLANDS FOR WASTEWATER TREAT- 
MENT: AN ENGINEERING PERSPECTIVE, 
Cold Regions Research and Engineering Lab., 
Hanover, NH. 

For primary bibliographic entry see Field 5D. 
W89-01858 


AQUATIC BIOLOGY AND HYDROELECTRIC 
POWER DEVELOPMENT IN NEW ZEALAND. 
For primary bibliographic entry see Field 6G. 
W89-01871 


LAKE LEVEL CONTROL, 

Otago Univ., Dunedin (New Zealand). Depi. of 
Botany. 

A. F. Mark. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 113-123, 3 fig, 1 tab, 3 
plates, 10 ref. 


Descriptors: *Lakes, *Water level, *Water level 
fluctuations, *New Zealand, Surface water, Water 
control, Ecological effects, Shoreline cover, Vege- 
tation, Case studies, Sediments. 


Lakes are a distinctive features of New Zealand’s 
dynamic landscape. Like most other landscape fea- 
tures, lakes are subject to natural processes which 
are occasionally catastrophic. Natural catastro- 
phes, however, are rare. Indeed most lakes in their 
natural state have developed a dynamic equilibri- 
um between the variation in water level and associ- 
ated wave regimes, and the physical and biological 
features of their shorelines. Yet many of New 
Zealand’s lakes, especially the larger ones, have 
had their levels manipulated artificially in order to 
control their outflow or increase their storage and/ 
or head of water, usually for hydroelectric genera- 
tion but occasionally for irrigation, or more rarely 
for both. Others have been created for similar 
purposes as with the Cobb dam in north-west 
Nelson, Moawhango dam south-east of Ruapehu in 
the headwaters of the Rangitikei, Lake Mahiner- 
angi on the eastern Otago uplands or the series on 
the Waitaki River along the Otago-Canterbury 
border. At least one lake, Ohia in Northland, that 
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was destined for reservation because of its scientif- 
ic value (preserving intact root systems of an an- 
cient kauri forest), has been virtually lost as part of 
agricultural development. This chapter examines 
the implications of lake level fluctuations on shore- 
line vegetation and sediments, particularly in terms 
of ecological tolerances and lakeshore stability. 
(See also W89-01871) (Lantz-PTT) 

W89-01881 


MEASURES TO BENEFIT WETLAND BIRDS, 
Ministry of Agriculture and Fisheries, Dunedin 
(New Zealand). 

J. M. Neilson. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 168-179, 2 plates, 16 ref. 


Descriptors: *Wetlands, *Birds, *Environmental 
protection, *Ecosystems, *Reservoirs, Hydroelec- 
tric plants, Wildlife, Species diversity, Waterfowl, 
Lakes, Rivers. 


The construction of reservoirs frequently occurs at 
the expense of a river-dwelling and adapted bird 
fauna. Dams are replacement habitats consisting of 
large and often regular shaped bodies of water 
which provide opportunities for the establishment 
of bird groups different from those supplanted by 
the reservoir. The wildlife manager’s challenge is 
to determine by which methods these new, or 
expanded, water bodies can best be managed to 
provide for a new and diverse bird fauna. Habitat 
improvement measures for birdlife can increase the 
numbers and diversity of birds using reservoirs and 
immediate environs, or those using downstream 
residual river systems. This chapter identifies the 
habitat needs of different groups of wetland de- 
pendent birds and suggests ways by which hydro- 
impoundments may be enhanced to benefit wetland 
birds. (See also W89-01871) (Lantz-PTT) 
W89-01885 


PREDICTION OF PHYTOPLANKTON ABUN- 
DANCE AND ITS EFFECT ON WATER QUAL- 


Ministry of Works and Development, 
(New Zealand). Water Quality Centre. 
R. A. Hoare, R. D. Pridmore, and W. N. Vant. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 180-191, 3 fig, 1 tab, 33 
ref. 


Hamilton 


Descriptors: *Phytoplankton, *Chlorophyll a, 
*Water quality, *Limnology, *Reservoirs, Phos- 
phorus, Hydraulic properties, Hydraulic retention 
time, Turbidity, Suspended solids, Algae. 


Phytoplankton abundance (measured as chloro- 
phyll a) can be predicted for new impoundments 
from estimates of phosphorus concentrations in the 
inflows, and the hydraulic properties of the im- 
poundments. The actual concentration found is 
influenced unpredictably by many factors peculiar 
to each impoundment, so that there is a 30% 
probability that actual chlorophyll concentrations 
will be greater than twice the predicted value or 
less than half of it. If the hydraulic retention time 
of the impoundment is short (i.e., less than a few 
weeks) the prediction methods given here should 
not be used at all. The appearance of the water 
(i.e., its clarity), can be determined by the effects of 
the phytoplankton, but is can also be expected that 
it will frequently be controlled by inorganic sus- 
pended solids, or other non-algal constituents, such 
as dissolved color. At present, there are no well 
established methods for predicting the amounts of 
these materials in impoundments. (See also W89- 
01871) (Lantz-PTT) 

W89-01886 


PERIPHYTON, 

Ministry of Works and Development, 
church (New Zealand). Hydrology Centre. 
B. J. F. Biggs. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 192-206, 3 fig, 2 tab, 59 


Christ- 
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ref. 


Descriptors: *Periphyton, *Environmental effects, 
*Algae, *Aquatic plants, *Epiphytes, *Rivers, Res- 
ervoirs, Lakes, Biodegradation, Filtration, Absorp- 
tion, Hydroelectric plants, Ecological effects. 


The algal periphyton is subdivided according to 
the nature of the substrate on which it grows (e.g. 
communities growing on rocks are called ‘epi- 
lithic’; on higher plants, ‘epiphytic’; on mud and 
sand, ‘epipelic’), and it ranges in structure from a 
fine invisible film to beds of long filaments cover- 
ing the bottom of rivers. In open river systems the 
algal periphyton may be the main source of energy 
for higher biological communities such as benthic 
invertebrates. The periphyton also plays a major 
role in purification of water, acting as a physical 
filter of particulate matter; a site for bacterial 
breakdown of organic wastes; absorbing some 
waste constituents; and by releasing oxygen. 
Where physical conditions are suitable (e.g. low 
summer flows and stable river bed sediments) and 
where inorganic nitrogen and phosphorus enrich- 
ment occurs, they may proliferate, forming dense 
green mats. These mats may degrade water quality 
through diel fluctuations in pH and dissolved 
oxygen, clog water abstraction structures, and be 
aesthetically undesirable. Hydroelectric impound- 
ments usually have major impacts on freshwater 
environments through converting a riverine eco- 
system to a lake ecosystem. Internationally, there 
appear to have been few studies on the impacts of 
hydroelectric power development on periphyton. 
The nature of communities in a number of reser- 
voirs has been documented and some quantitative 
studies have been carried out on communities in 
rivers downstream of power developments. This 
chapter reviews this information, and more general 
ecological studies, to highlight changes that occur 
to periphyton with the construction and manage- 
ment of hydroelectric power stations. These stud- 
ies have all documented proliferations of periphy- 
ton below impoundments; one also found major 
differences in community type compared with non- 
regulated areas. Bryophytes and filamentous green 
algae were the most favored groups of organisms. 
(See also W89-01871) (Lantz-PTT) 

W89-01887 


AQUATIC MACROPHYTES, 

Ministry of Energy, Dunedin (New Zealand). 
Electricity Div. 

For primary bibliographic entry see Field 6G. 
W89-01888 


INVERTEBRATES, 

Canterbury Univ., Christchurch (New Zealand). 
Dept. of Zoology. 

For primary bibliographic entry see Field 6G. 
W89-01889 


WETLAND BIRDS, 

Ministry of Agriculture and Fisheries, Christ- 
church (New Zealand). 

K. F. D. Hughey. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 264-275, 4 fig, 2 plates, 
26 ref. 


Descriptors: *Wetlands, *Birds, *Waterfowl, 
*New Zealand, *Water resources development, 
Rivers, Aquatic animals, Ducks, Wrybills, Terns, 
Black stilts, Ecosystems, Flood control, Channels, 
Hydroelectric plants. 


A diverse range of bird species and bird communi- 
ties occupy riverine environments in New Zealand. 
Some river-dwelling species are highly endan- 
gered, e.g. black stilts on braided rivers, while 
others are considered to be threatened: e.g. wry- 
bills, black-fronted terns, and banded dotterels also 
on braided rivers, and blue ducks on upland single 
channel rivers. Birds of braided riverbeds are sus- 
ceptible to the impact of hydroelectric power de- 
velopment as are blue ducks on single channel 
rivers. Apart from dams other impacts are linked 
with water abstraction for irrigation, channeliza- 
tion for flood control and property protection, 


vegetation encroachment and water pollution. This 
chapter identifies the different bird communities 
typical of New Zealand’s main river types, exam- 
ines current methods of impact assessment and 
evaluation for hydroelectric power dam develop- 
ment, describes the results being obtained from 
existing approaches and recommends where future 
work in New Zealand should be directed. (See also 
W89-01871) (Lantz-PTT) 

W89-01891 


FACTORS AFFECTING THE ACCEPTANCE 
AND REJECTION OF GENETICALLY AL- 
TERED MICROORGANISMS BY _ ESTAB- 
LISHED NATURAL AQUATIC COMMUNI- 


TIES, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Biology. 

For primary bibliographic entry see Field 5B. 
W89-01908 


CHARACTERISTICS OF SOME LARGE-SCALE 
RESERVOIRS IN THE U.S. AND CANADA, 

E. O. Gangstad, F. L. Nibling, and J. J. Sartoris. 
IN: Environmental Management of Water 
Projects, CRC Press, Inc., Boca Raton, FL. 1987. 
p 27-34, 5 tab, 11 ref. 


Descriptors: Fate of pollutants, *Aquatic weed 
control, Reservoirs, Canada, Multiple regression 
analysis, Dichlorophenoxyacetic acid, Water qual- 
ity, Seasonal variation. 


Reservoir and waterway data cooperatively assem- 
bled from a variety of governmental agencies in 
the U.S. and Canada are summarized. Contributors 
from the U.S. were the Tennessee Valley Author- 
ity (TVA), U.S. Army Corps of Engineers 
(Corps), and the Bureau of Reclamation (USBR). 
Information on lakes in British Columbia was fur- 
nished by the Ministry of Environment, British 
Columbia, Canada. Data on residues of 2,4-dichlor- 
ophenoxyacetic acid (2,4-D) used for Eurasian wa- 
termilfoil control in reservoirs in British Columbia, 
and TVA, Corps and USBR projects were subject- 
ed to stepwise multiple regression analysis. Results 
of this study showed that season, volume, and rate 
were highly significant. The depth of the reservoir 
(feet) and time after application (days) were not 
significant, i.e., they were adequately measured by 
the above variables. The standard application rate 
of 20 to 40 lb/acre did not produce 2,4-D residues 
in large reservoirs above the tolerance level of 100 
ppb. (See also W89-01990) (Author’s abstract) 
W89-01992 


BIOLOGICAL PARAMETERS OF THE TVA 
EURASIAN WATERMILFOIL MANAGEMENT 
PROGRAM, 

Environmental Protection Agency, Washington, 
DC 


For primary bibliographic entry see Field 4A. 
W89-01993 


ECOLOGICAL PARAMETERS INFLUENCING 
AQUATIC PLANT GROWTH, 

For primary bibliographic entry see Field 2E. 
W89-01994 


BIOLOGICAL PARAMETERS INFLUENCING 
GROWTH AND REPRODUCTION OF HY- 
DRILLA, 

— Protection Agency, Washington, 


For primary bibliographic entry see Field 2E. 
W89-01995 


TOXIC CONTAMINATION IN LARGE LAKES. 
VOLUME I: CHRONIC EFFECTS OF TOXIC 
CONTAMIMANTS IN LARGE LAKES, 

For primary bibliographic entry see Field 5C. 
W89-02121 


TOXIC CONTAMINATION IN LARGE LAKES. 
VOLUME II: IMPACT OF TOXIC CONTAMI- 
NANTS ON FISHERIES MANAGEMENT. 


For primary bibliographic entry see Field SC. 
W89-02137 


LAKE ORTA (N. ITALY): RECOVERY AFTER 
THE ADOPTION OF RESTORATION PLANS, 
Istituto Italiano di Idrobiologia, Novara. 

For primary bibliographic entry see Field 5G. 
W89-02142 


RIVERINE AND OTHER TROPICAL LAKES 
AND THEIR FISHERIES, 

East-West Center, Honolulu, HI. 

J. E. Bardach. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 131-150, 4 fig, 1 tab, 26 ref. 


Descriptors: *Limnology, ‘*Tropical regions, 
*Fisheries, *Lakes, *Water pollution effects, Aqua- 
culture, Fish, Species diversity, Shallow water. 


Large shallow lakes, mostly in the tropics and their 
flood plains include such water bodies as the Great 
Lake of Cambodia, Lake Chad and others, as well 
as China’s largest fresh water lakes. They have 
been and are being affected by changes in water 
regimes related to population increases and shifts. 
The resulting fairly rapid alterations in availability 
of water, spatially and temporally, as well as pollu- 
tion have greatly reduced fish production in these 
waters. It has even led to the loss of certain spe- 
cies. In view of the importance of fresh water 
fisheries in the nutrition of many millions of ripari- 
an dwellers, development of measures to cope with 
these changes are of great urgency. Traditional 
and still ongoing fisheries in large shallow lakes 
were often based on extensive aquaculture tech- 
niques which now cannot be practiced any more. 
Intensification of aquaculture is being advocated to 
make up for shortfalls in annual fish harvests. Ob- 
stacles to the realization of stich measures, here to 
be treated also, are technical as well as economic 
and social. (See also W89-02137) (Author’s ab- 
stract) 

W89-02143 


LAKE BIWA, ITS VALUE AND RELATION TO 
TRIBUTARY STREAMS, 

Shiga Univ., Otsu (Japan). 

S. Mori. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 151-168, 7 fig, 1 tab, 16 ref. 


Descriptors: *Lake Biwa, *Japan, *Water pollu- 
tion effects, *Lakes, *Path of pollutants, Gravel, 
Sediment transport, Nutrients, Herbicides, Heavy 
metals, Nitrogen, Phosphorus, Fate of pollutants. 


Lake Biwa has an extraordinarily long history, 
between 2 and 3 million years, which indicates that 
this lake is the second or third oldest lake in the 
world and that it has been formed by repetition of 
land depressions and deposition of gravel or soil 
carried from the surroundings through tributary 
streams. Owing to this long history some orga- 
nisms have developed characteristic habits, such as 
the fish Ayu or crucian carps. More than 460 
streams flow into this lake. The main effects of 
these streams are: (1) sedimentation, and (2) carry- 
ing various contaminants, including nutrients, her- 
bicides and heavy metals, to the lake. As for the 
nutrients, about 8,320 kg of total N and 878 kg of 
total P are conveyed daily to the lake, principally 
by streams. Because of regulation harmful influ- 
ences from insecticides have remarkably de- 
creased, but there is no prohibitive rule for herbi- 
cides. Heavy metals are uniformly deposited in the 
bottom sediments but no real injury is observed. 
(See also W89-02137) (Lantz-PTT) 

W89-02144 


EFFECTS OF CONTAMINANTS LOADINGS 
ON FISHERIES YIELDS FROM LARGE 
LAKES, 

Ontario Ministry of Natural Resources, Thunder 





Bay. Fisheries Research Section. 
For primary bibliographic entry see Field 5C. 
W89-02145 


INDEXES FOR ASSESSING FISH BIOMASS 
AND YIELD IN RESERVOIRS, 

Aquatic Ecosystem Analysts, Fayetteville, AR. 
For primary bibliographic entry see Field 7C. 
W89-02146 


RESTOCKING OF GREAT LAKES FISHES 
AND REDUCTION OF ENVIRONMENTAL 
CONTAMINANTS 1960-1980, 

Michigan State Univ., East Lansing. 

For primary bibliographic entry see Field 81. 
W89-02148 


FISHES, FISHING AND POLLUTION IN LAKE 
VANERN (SWEDEN), 

Eco Research and Resource Planning, Bromma 
(Sweden). 

For primary bibliographic entry see Field 81. 
W89-02149 


PREDICTING, VALIDATING AND MONITOR- 
ING EFFECTS OF TOXICS ON LARGE LAKE 
ECOSYSTEMS, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Center for Environmental Studies. 

For primary bibliographic entry see Field SC. 
W89-02153 


TOXIC CONTAMINATION IN LARGE LAKES, 
VOLUME III: SOURCES, FATE, AND CON- 
TROLS OF TOXIC CONTAMINANTS. 

For primary bibliographic entry see Field 5G. 
W89-02155 


CHEMICAL LIMNOLOGY OF PCBS IN LAKE 
SUPERIOR - A CASE STUDY, 

Minnesota Univ., Minneapolis. Dept. of Civil and 
Mining Engineering. 

For primary bibliographic entry see Field 5B. 
W89-02172 


ECONOMIC VIEW OF THE GREAT LAKES, 
Center for the Great Lakes, Chicago, IL. 

For primary bibliographic entry see Field 6A. 
W89-02177 


HISTORIC ROLE OF A LARGE LAKE IN 
JAPAN - THE CASE OF LAKE BIWA, 

Kyoto Univ., Otsu (Japan). Otsu Hydrobiological 
Station. 

For primary bibliographic entry see Field 6G. 
W89-02178 


TRANSBOUNDARY MANAGEMENT OF LAKE 
GENEVA, 

Republic et Canton de Geneve, Suisse. Dept. des 
Traveaux Publics. 

For primary bibliographic entry see Field 6E. 
W89-02180 


MODEL-BASED EDUCATION SUPPORT SYS- 
TEMS: APPLICATION TO LARGE LAKES 
AND HAZARDOUS WASTE MANAGEMENT, 
International Inst. for Applied Systems Analysis, 
Laxenburg (Austria). 

For primary bibliographic entry see Field 6A. 
W89-02181 


LAKE RESOURCES AND FISHERIES UTILI- 
ZATION IN HUBEI PROVINCE, 

Hubei Aquatic Products Science Research Inst. 
(China). 

Y. M. Zhang. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 269-275, 1 tab. 
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Descriptors: *Lakes, *Water management, *Fish- 
eries, *Hubei province, *Japan, Aquaculture, Reg- 
ulations, Hydrologic regime, Fishing, Lake fisher- 
ies, Management planning. 


There are 636 lakes in Hubei, China, province with 
a total area of 3000 square kilometers. The lakes 
are similar to each other in external and internal 
conditions. Since the natural environmental of 
lakes located in Hubei province is rather sample, 
the hydrological characteristics of each are almost 
the same. Fishing practices associated with a par- 
ticular lake size can be divided into three 4s (1) 
The majority of lakes are of the middle to 

size (area > 30 sq km) and are grouped into re 
first lake type. Here, emphasis is placed on fishing 
the natural fish communities; (2) In the second type 
of lakes, the majority are medium-sized (area 7-30 
sq km). They are part of extensive cultivation; (3) 
The third type of lake concerns those where inten- 
sive fish culturing as a result of extensive ~— 
is practiced. There are special institutions whic’ 
are responsible for the management of fishin, 
grounds. They are established or all lakes whic’ 
have been utilized for fisheries. Responsibilities are 
as follows: (1) Making rules and regulations for 
breeding protection and fishing; (2) Producing fry 
and a to meet the needs for stocking; (3) 
Rehabilitation and protection of the fisheries envi- 
ronment; and (4) Managing the sale of the product, 
etc. (See also W89-02176) (Lantz-PTT) 

W89-02193 


YAKIMA RIVER SPRING CHINOOK EN- 
_— STUDY. ANNUAL REPORT FY 
Colorado Dept. of Local Affairs, Denver. 


For primary bibliographic entry see Field 81. 
W89-02260 
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USE OF RADIOMETRIC (CS-137, PB-210), 
AND STRATIGRAPHI 


REGION, 


MEXICO, 

New Mexico Inst. of Mining and Technology, 
Socorro. Dept. of Chemistry 

For primary bibliographic am see Field 4C. 
W89-01320 


DECLINE IN THE SUSPENDED LOAD OF 
THE LOWER MISSISSIPPI RIVER AND ITS 
INFLUENCE ON ADJACENT WETLANDS, 
Louisiana State Univ., Baton Rouge. Dept. of Ge- 
ography and Anthropology. 

For primary bibliographic entry see Field 4C. 
W89-01321 


RIVER-BEND CURVATURE —_ MIGRA- 
TION: HOW ARE THEY RELA 
a State Univ., Tallahassee. eo4 of Geolo- 


Dd. J. Furbish. 

Geology GLGYB, Vol. 16, No. 8, p 752-755, 
August 1988. 4 fig, 26 ref. National Science Foun- 
dation Grant DEB 80-12095. 


Descriptors: *Channel morphology, Scour, *Me- 
anders, *Geomorphology, Rivers, River flow, Hy- 
draulic models, Mathematical models, River bends, 
Curvature, Migration, Beatton River, Canada, 
Flow velocity, Sedimentation, Sediment transport, 
Stream erosion. 


The asymmetric velocity distribution that charac- 
terizes the flow field in river bends originates with 
acceleration induced by bend curvature. This influ- 
ence of curvature is cumulative in the sense that 
the asymmetry, reflected by cross-channel dis- 
placement of the filament of high velocity, starts to 
develop at the bend entrance and increases down- 
stream as far as the curvature of the bend is sus- 
tained. Local rates of bend migration measured 
normal to the channel! centerline are then propor- 
tional to the local flow asymmetry. The average 


migration rate for a bend can be related to its 
average curvature by integrating the effects of 
curvature and associated bed forms over bend 
length. Published data for bends of the Beatton 
River, Canada, confirm that average migration 
rates increase monotonically with average curva- 
ture if bend length is taken into account. (Author’s 
abstract) 

W89-01336 


HYDROLOGIC FACTORS TRIGGERING A 
SHALLOW HILLSLOPE FAILURE, 
California Univ., Santa Cruz. Dept. of Earth Sci- 


ences. 
For primary bibliographic entry see Field 2G. 
W89-01363 


PROGRESSIVE ALTERATION OF FINE SEDI- 
MENT ALONG AN URBAN STORM DRAIN, 
Exeter Univ. (England). Dept. of Geography. 
A. H. Roberts, J. B. Ellis, and W. B. Whalley. 
Water Research WATRAG, Vol. 22, No. 6, p 775- 
781, June 1988. 2 fig, 1 tab, 36 ref, 12 plates. 


Descriptors: *Suspended sediment, *Storm drains, 
*Catchment areas, *Sediment properties, Particle 
abrasion, Cementation, Electron microscopy, 
London, England, Urban areas, Fuzzy analysis, 
Frequency distribution, Settling basins, Silica, 
Storm runoff, Sedimentation, Sediment grading, 
Statistics. 


Progressive changes in size and surface texture 
were examined along a storm drain using an elec- 
tronic particle counter and scanning electron mi- 
croscopy. The catchment, in North West London 
(England), covered 420 ha and the storm sewer 
was 1740 m in total length with varying diameters 
and gradients. A Fuzzy Classification technique 
was used to analyze the mic! hs. Particle size 
distributions were predominantly bimodal and 
could be explained by comamtaiien by silica of 
individual particles into egates. The degree of 
particle abrasion and of cementation increased 
with the distance travelled downstream, making it 
possible to recognize new material entering from 
the surface by its lesser degree of abrasion. This 
relationship was interrupted by the presence in the 
storm drain of a settling pond, which played a 
significant role in allowing larger individual Pr 
cles and aggregates to settle out. (Rochester- 
W89-01457 


AQUATIC SEDIMENTS, 

Environmental Protection Ao Chicago, IL. 
Environmental Services Di 
For — bibliographic ae see Field 5B. 
W89-01504 


SEDIMENTATION OF A HETEROGRANULAR 
MIXTURE: EXPERIMENTAL LAMINATION 
IN STILL AND RUNNING WATER, 

G. Berthault. 

Comptes Rendus de l’Academie des Sciences 
(Series 2) CHDCAQ, Vol. 306, No. 11, p 717-724, 
March 21, 1988. 8 fig, 4 ref. 


Descriptors: *Particle size, *Lotic quvisommnent, 
*Lentic environment, *Sedimentation, * 

tion, ‘*Heterogranular sediments, Lamination, 
Flow, Flumes, Flow velocity. 


The experiments demonstrate that in still water, 
continuous depositing of heterogranular sediments 
gives rise to laminae that disappear progressively 
as the height of the fall of particles into water, and 
apparently their size, increase. The first experi- 
ments used a mixture of two types of sand, one 
white and calibrated between 20-80 micrometers, 
the other, colored with methylene blue with cali- 
brations increasing in size. It was poured into a 
rectangular tube filled first with 2 m of water, then 
4.7 m of water. The flow varied from 35-170 cu cm 
per 5 min with 2 m of water; at 4.7 m it remained 
constant at 40 cu cm per min, then more slowly at 
200-400 cu cm per hr. Lamination was present at a 
water depth of 2 m; at 4.7 m lamination was 
present only at the highest flow rates, and disap- 
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peared with increasing particle size. The direction 
of lamination formed by sediments falling on a 
slope was observed in an aquarium with a water 
depth of 1.1 m. Slopes of 6 degrees and 15 degrees 
were used. Laminae were parallel to the slope of 
the upper part of the deposit. In the final experi- 
ment, a recirculating flume with a water discharge 
rate of 16-70 1/sec was used. At speed greater than 
0.4 m per sec, many closely related types of lam- 
inations appeared in the structure of the deposit. 
(Author's abstract) 

W89-01511 


SYNGENETIC ORIGIN OF GYPSUM CRYS- 
TALS BEARING BACTERIAL CALCITE NEO- 
FORMATION, DISCOVERED WITHIN SUS- 
PENDED MATTER IN THE LOIRE RIVER ES- 
TUARY, 

Nantes Univ. (France). Lab. de Geologie Marine. 
For primary bibliographic entry see Field 2L. 
W89-01512 


SAND RIGHTS: USING CALIFORNIA’S 
PUBLIC TRUST DOCTRINE TO PROTECT 
AGAINST COASTAL EROSION, 

For primary bibliographic entry see Field 6E. 
W89-01519 


WEATHERING AND SOIL-FORMING PROC- 
ESS 


ES, 
Michigan State Univ., East Lansing. Dept. of Geo- 
logical Sciences. 
M. A. Velbel. 
IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 93-102. 


Descriptors: *Weathering, *Soil —_ genesis, 
*Coweeta, *North Carolina, Geohydrology, Soil 
erosion, Erosion, Rock mechanics, Geochemistry, 
Mica, Garnet, Feldspar, Bedrock, Fluvial sedi- 
ments. 


Most weathering profiles of the Coweeta Hydro- 
logic Laboratory comprise thin (to about 30 cm) A 
and B horizons atop substantial thicknesses (ave. 
about 6 m) of saprolite. Extensive isovolumetric 
weathering of rock to saprolite results in the land- 
scape being covered by a porous, permeable blan- 
ket of weathered material which supplies stream- 
flow as water drains slowly from it, and which is 
vulnerable to erosion by fluvial processes and land- 
slides. Rock weathering to saprolite occurs primar- 
ily via weathering of three major rock-forming 
minerals: biotite mica, almandine garnet, and plagi- 
oclase feldspar. Geochemical mass-balance calcula- 
tions permit quantification of mineral weathering 
rates and rates of geomorphically significant sapro- 
litization. Mineral weathering rates determined for 
Coweeta WS 27 compare favorably with mineral 
weathering rates determined in laboratory experi- 
ments under similar hydrogeochemical conditions. 
One major source of uncertainty in this compari- 
son of field with laboratory rates is the difficulty in 
estimating reactive surface area of the minerals in 
natural systems. Provided that future research re- 
solves this difficulty, it should become practical to 
use carefully constrained laboratory experiments to 
estimate rates of elemental transfer in natural 
weathering systems. Transformation of bedrock to 
saprolite (saprolization) presently prepares the 
landscape for erosion at a rate equal to the long- 
term average denudation rate for the southern 
Appalachians (4 cm/1000 yrs), suggesting that dy- 
namic equilibrium of the landscape prevails in the 
long term. In the (geologically) short term, erosion 
at the top of the profile is much more sporadic. 
Present rates of erosion by normal fluvial processes 
suggest that high-magnitude, low-frequency geo- 
morphic events accomplish most of the short-term 
erosion required to maintain long-term geomorphic 
equilibrium of the southern Blue Ridge landscape. 
(See also W89-01691) (Lantz-PTT) 

W89-01697 


DEBRIS AVALANCHE AND THE ORIGIN OF 
FIRST-ORDER STREAMS, 

Emory Univ., Atlanta, GA. Dept. of Geology. 
For primary bibliographic entry see Field 8E. 


W89-01698 


PHYSICS OF SEDIMENT TRANSPORT, RESU- 
SPENSION, AND DEPOSITION, 

National Oceanic and Atmospheric Administra- 
tion, Ann Arbor, MI. Great Lakes Environmental 
Research Lab. 

J. R. Bennett. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 5-12, 10 fig, 10 ref. 


Descriptors: *Sediment transport, *Suspended 
sediments, *Sedimentation, *Lake Ontario, *Lake 
Michigan, *Lake Erie, *Path of pollutants, Ekman 
layer, Recycling. 


Many long-lived pollutants become attached to 
particles in the water and eventually find their way 
to the sediments of lakes, rivers, harbors, and 
oceans. In some cases, this can accelerate the re- 
moval of the pollutants from the ecosystem. In 
other cases, for example harbors where dredged 
materials are disposed of on land, it can lead to a 
recycling of the materials to their source - people. 
The general problem, resuspension and deposition, 
is described and then emphasis is given to recent 
quantitative research in Lakes Ontario, Michigan 
and Erie. Original calculations are presented to 
show that Ekman layer sediment transport is im- 
portant in determining the deposition areas in deep 
lakes. (See also W89-01714) (Lantz-PTT) 
W89-01715 


SEDIMENTS AS A SOURCE FOR CONTAMI- 
NANTS, 

Waterloopkundig Lab. te Delft (Netherlands). 

For primary bibliographic entry see Field SB. 
W89-01716 


SOCIAL AND HUMAN RELEVANCE OF IN 
SITU SEDIMENTS, 

Moncton Univ. (New Brunswick). Faculty of 
Social Sciences. 

For primary bibliographic entry see Field 6G. 
W89-01726 


NATURAL SILTATION OF BROWN TROUT 
(SALMO TRUTTA L.) SPAWNING GRAVELS 
DURING LOW-FLOW CONDITIONS, 
Freshwater Biological Association, 
(England). 

P. A. Carling, and C. P. McCahon. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 229-244, 8 fig, 24 
ref. 


Ambleside 


Descriptors: ‘*Silt, *Sedimentation, *Trout, 
*Spawning, *Streamflow, *Stream biota, *Gravel, 
Ecological effects, Suspended sediment, Fish, Par- 
ticle size. 


Both suspended load and bedload contribute to the 
matrix material infilling gravel frameworks. A se- 
lective depositional process, controlled by the 
pore-size distribution of the framework gravels, 
dictates the actual grain-size distribution of the 
matrix for a given suspended sediment size-range. 
The results of this investigation taken together 
with those of previous studies suggest that artificial 
spawning gravels should not be well graded. 
Rather, more poorly graded sediments with the 
size range truncated at 2 mm would be preferable 
to prevent excessive quantities of silt entering the 
void space. The exact size distribution of such a 
mix cannot be known precisely as the optimum 
distribution will vary depending upon the size 
characteristics of the natural sediment load. De- 
spite considerable scatter in the data, spatial pat- 
terns in both matrix deposition from suspension 
and from bedload are evident. The pattern is more 
smoothed in the case of the finer suspended load 
compared with the bedload. Bed topography is 
very important in controlling the pattern of veloci- 
ty and hence the sediment supply-rate and there- 
fore the potential deposition. Nevertheless zones of 
low velocities may also demonstrate high deposi- 


tion rates where sediment is entrapped in eddies. 
Deposition rates are an order of magnitude less 
than rates recorded in lowland streams. Silting 
although temporally and spatially variable is nev- 
ertheless rapid. Trout redds are likely to be fully 
silted in a matter of a few days under flow regimes 
subject to small freshnets with an adequate supply 
of fine sediments. (See also W89-01736) (Lantz- 


PTT) 
W89-01751 


SUSPENDED SOLIDS TRANSPORT WITHIN 
REGULATED RIVERS EXPERIENCING PERI- 
ODIC RESERVOIR RELEASES, 

Loughborough Univ. of Technology (England). 
Dept. of Geography. 

D. J. Gilvear. 

IN: Regulated Streams: Advances in Ecology. 
or Press, New York, 1987. p 245-255, 8 fig, 23 
ref. 


Descriptors: *Rivers, *Regulated flow, *Reser- 
voirs, *Suspended solids, *Sediment transport, 
Wales, Afon Trywern, Washburn River, Turbidi- 
ty, Reservoirs. 


Using a controlled reservoir release from Llyn 
Celyn to the regulated Afon Trywern, Wales, as a 
case study, this paper illustrates turbidity and sus- 
pended solids changes both at-a-site and down- 
stream. In addition, data collected during 24 other 
reservoir releases are used to examine the factors 
determining suspended solids loads. Eleven of 
these were also on the Afon Trywern, ten on the 
River Washburn, with one release on each of the 
rivers North Tyne, Garry and Sutton Brook. Re- 
moval of within-channel accumulations of material 
during reservoir releases results in variations of 
both turbidity and suspended solids. With greater 
loads, suspended solids concentrations and the du- 
ration of elevated concentrations are increased. 
Turbidity is also increased, although this relates 
not only to the concentrations of suspended solids 
but to the nature of material is suspension. The 
data demonstrate the potential of reservoir releases 
to remove fine superficial coverings of material 
that accumulate during the low flows. Substratum 
disturbance is needed to remove material once it 
has infiltrated the channel bed. The loads trans- 
ported and the suspended solids concentrations can 
be related to the time since the last release. Thus, if 
maximum levels of these parameters are defined, 
optimum time intervals can be quantified. Main- 
taining turbidity below critical levels is more prob- 
lematic in that it varies with the nature of material 
being transported. The results presented here sug- 
gest that levels will be highest when fine minero- 
genic matter dominate the seston. (See also W89- 
01736) (Lantz-PTT) 

W89-01752 


EFFECTS OF SHORT-TERM REGULATION 
BY POWER PLANTS ON EROSION AND 
WATER QUALITY OF A RIVER, 

Valtion Teknillinen Tutkimuskeskus, Espoo (Fin- 
land). 

For primary bibliographic entry see Field 6G. 
W89-01755 


WATER EROSION IN THE DRYLAND CROP- 
PING REGIONS OF AUSTRALIA. 4. LAND 
AND LAND USE DATA FOR A RELATIVE AS- 
SESSMENT OF POTENTIAL SOIL MOVE- 
MENT IN VICTORIA, 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of Water 
Resources. 

G. A. Yapp, and F. R. Gibbons. 

CSIRO Technical Memorandum 88/7, June 1988. 
116p, 1 fig, 2 tab, 12 ref. 


Descriptors: *Erosion, *Dry farming, *Australia, 
*Land use, *Soil erosion, Farming, Soil loss, Data 
collections, Maps. 


The dryland cropping region of Victoria is divided 
into 19 Districts in 5 Sub-Regions. Each includes 
from one to nine Local Government Areas 
(LGAs) according to size and comparative similar- 





ity of environment and land use. Estimates are 
given for the proportion of each LGA in slope 
classes that are relevant to conservation oriented 
crop management practices. The principal crop- 
ping soils are allocated to these slope classes and 
the area cropped in a base period (1983-84) is 
allocated to these soils. The logic of the Universal 
Soil Loss Equation (USLE) is used to estimate the 
potential movement of soil from the area cropped 
in each soil x soil class in the standard period. 
(Author’s abstract) 

W89-01804 


RED ght WATERWAY ee ae 
STUDY DOWNSTREAM FROM LOCK AND 
DAM NO. 1: NUMERICAL MODEL INVESTI- 
GATION, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

R. R. Copeland, and W. A. Thomas. 

Available from the National Technical Information 
Service, Springfield, VA. 22161. Technical Report 
HL-88-15, June 1988. Final Report. 65 p, 22 fig, 6 
tab, 24 plates, 11 ref. 


Descriptors: *Red River, *Sedimentation, *Mathe- 
matical models, *Locks, *Dams, *Navigation, 
Model studies, Gates, Deposition, Sediment con- 
trol, HEC-2 Model, TABS-2 Model, Computer 
models, Louisiana. 


The effect of recently constructed and proposed 
channel improvements on sedimentation in the Red 
River (Louisiana) downstream from Lock and 
Dam No. | were investigated. A one-dimensional 
numerical model (HEC-6) was used to evaluate the 
effect of contraction works on dredging require- 
ments in the navigation channel. A two-dimension- 
al numerical model (TABS-2) was used to evaluate 
nee geo to reduce deposition in the downstream 

k approach channel at Lock and Dam No. 1. 
Deposition against the downstream lock miter gate 
can be reduced by raising the I-wall above the 
water level. Deposition at the gate will decrease as 
the distance between the end of the raised I-wall 
and the lock gate increases. (Lantz-PTT) 
W89-01814 


HANDBOOK OF NONPOINT POLLUTION: 
SOURCES AND MANAGEMENT, 

Marquette Univ., Milwaukee, WI. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5B. 
W89-01822 


ATCHAFALAYA RIVER DELTA. REPORT 2: 
FIELD DATA, SECTION 1; ATCHAFALAYA 
BAY PROGRAM DESCRIPTION AND DATA, 
VOLUME I: MAIN TEXT, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

For primary bibliographic entry see Field 2L. 
W89-01825 
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MODEL FOR INFILTRATION IN FROZEN 
SOILS THAT ACCOUNTS FOR WATER QUAL- 
ITY (UN MODELE POUR L’INFILTRATION 
DANS LES SOLS GELES TENANT COMPTE 
DE LA QUALITE DE L’EAU), 

Institut National de la Recherche Scientifique, 
Sainte-Foy (Quebec). Centre de l’Energie. 

For primary bibliographic entry see Field 2G. 
W89-01339 


LOSS OF HALIDE AND SULPHATE IONS 
FROM MELTING ICE, 

University of East Anglia, Norwich (England). 
School of Environmental Sciences. 

For primary bibliographic entry see Field SB. 
W89-01447 


INFLUENCE OF PARTITION COEFFICIENT 
OF LIPOPHILIC COMPOUNDS ON BIOCON- 
CENTRATION KINETICS WITH FISH, 


Griffith Univ., Nathan (Australia). School of Aus- 
tralian Environmental Studies. 

For primary bibliographic entry see Field 5B. 
W89-01448 


ARSENIC SPECIATION AND QUALITY OF 
GROUNDWATER IN A LEAD-ZINC MINE, 
IDAHO, 

Idaho Univ., Moscow. Dept. of Chemistry. 

For primary bibliographic entry see Field 5B. 
W89-01456 


SYNGENETIC ORIGIN OF GYPSUM CRYS- 
TALS BEARING BACTERIAL CALCITE NEO- 
FORMATION, DISCOVERED WITHIN SUS- 
PENDED MATTER IN THE LOIRE RIVER ES- 
TUARY, 

Nantes Univ. (France). Lab. de Geologie Marine. 
For primary bibliographic entry see Field 2L. 
W89-01512 


EFFECTS OF DISSOLVED OXYGEN ON THE 
BIODEGRADATION OF BTX IN A SANDY AQ- 
UIFER, 

Shell Development Co., Houston, TX. 

For primary bibliographic entry see Field 5B. 
W89-01557 


ee ee ADSORPTION ON 
SOILS AND ITS POTENTIAL FOR MIGRA- 
TION INTO GROUND WATER, 

Missouri Univ., Columbia. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 5B. 
W89-01642 


SORPTION KINETICS OF COMPETING OR- 
GANIC SUBSTANCES ON NEW JERSEY 
COASTAL PLAIN AQUIFER SOLIDS, 

Cook Coll., New Brunswick, NJ. Dept. of Envi- 
ronmental Science. 

For primary bibliographic entry see Field SB. 
W89-01643 


CHARACTERIZATION OF BASELINE PRE- 
STREAM 


CIPITATION AND CHEMISTRY 
AND BUDGETS FOR CONTROL 
WATERSHEDS, 


Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

W. T. Swank, and J. B. Waide. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 57-79, 9 fig, 12 tab. 


Descriptors: *Precipitation, *Streams, *Chemistry 
of precipitation, *Water chemistry, *Forest hy- 
drology, *Acid rain, Sulfates, Hydrogen ion con- 
centration, Sulfuric acid, Water pollution sources, 
Chemical analysis, Nitric acid, Annual distribution, 
Chlorine, Sodium, Calcium, Seasonal variation, 
Potassium, Magnesium. 


Analysis of an eight-gage bulk palates net- 
work distributed over t : Coweeta Basin shows 
that weekly arithmetic averages of ion concentra- 
tions across all gages provide a reasonable means 
of estimating bulk solute inputs to individual wa- 
tersheds. Weekly grab samples of stream water 
appear to be sufficiently frequent to provide ade- 
quate estimates of solute export of all ions except 
SO4, which is underestimated by grab sample 
methods. The chemical composition of bulk pre- 
cipitation is dominated by H and SO4 ions and is 
characterized as a dilute solution of sulfuric and 
nitric acids buffered by base cations to produce a 
mean annual pH of 4.6. Composition of stream 
water representative of low-elevation watersheds 
shows that Na and HCO3 are the dominant ions 
and that stream water is characterized as a cation- 
bicarbonate solution with a mean pH of 6.7. Dry- 
fall can be a major source of chemical loading at 
Coweeta for some ions and exhibits substantial 
year-to-year variability. Annual sulfate dryfall 
inputs have decreased about 50% over a 9-year 
period; a slight tendency for a decline in Ca inputs 
over time is also apparent. Sea salt aerosols are the 
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major sources of Cl and Na and about 40% of Mg 
in bulk precipitation. Remaining ions are almost 
entirely of terrestrial origin. Analysis of long-term 
trends of mean annual precipitation and stream 
chemistry showed no significant trends of increas- 
ing or decreasing acidity, although annual stream 
water H ion concentrations were partially related 
to precipitation H ion concentrations. When all 
ions in both precipitation and stream water were 
examined, the most definitive annual trend was an 
increase in stream waters SO4 concentrations. This 
trend was present for all control watersheds, with 
an average increase of about 0.7 microequivalents/ 
L/yr. The only significant trend in precipitation 
chemistry was a decline in concentrations of Ca 
and the four cations summed. (See also W89- 
01691) (Lantz-PTT) 

W89-01695 


STREAM CHEMISTRY RESPONSES TO DIS- 
TURBANCE, 

Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

For primary bibliographic entry see Field 4C. 
W89-01709 


LEACHABILITY OF SOLIDIFIED (BA, RA)SO4 
SEDIMENTS IN SIMULATED SETTLING 
PONDS, 

Environmental Protection Service, Burlington 
(Ontario). Waste Water Technology Centre. 

For primary bibliographic entry see Field 5B. 
W89-02013 
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INVESTIGATIONS OF THE BENTHOS OF 
MANGROVE COASTAL LAGOONS IN 
SOUTHERN CUBA, 

Universidad de la Habana (Cuba). Centro de Inves- 
tigaciones Marinas. 

R. Lalana-Rueda, and F. Gosselck. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 6, p 779-794, 1986. 9 rig, 45 
ref. 


Descriptors: *Invertebrates, *Cuba, *Lagoons, 
“Mangrove forests, *Benthos, Benthic flora, 
Benthic fauna, Biomass, Nematodes, 
Polychaetes, Oligochaetes, Amphi 
Mollusks, Tanaidaces, Tolete lagoon, te) 
lagoon, Species composition. 


Benthic studies were undertaken in two mangrove- 
lagoons on the south coast of Cuba. Both lagoons 
are approximately 30-50 cm deep and the tidal 
range is 15-20 cm. There is little influx of fresh 
water, and the lagoons are normally euhaline. Most 
of the lagoon bottom is not colonized by plants, 
although filamentous algae (Cladophora and En- 
teromorpha spp.) and Thalassia testudinum grow 
in a few places. Meiobenthic organisms account for 
92% of the invertebrates in the benthic zone of the 
lagoon. The five most common taxa (Nematoda, 
Copepoda, Tanaidacea, Oligochaeta, Polychaeta) 
account for 88-94% of the total number of individ- 
uals in Tolete Lagoon and in Basto Lagoon the 
five most common taxa (Nemat Copepoda, 
Ostracoda, Amphipoda, Polychaeta) account for 
97-98%. Biomasses were 26.6 g/sq m in Tolete and 
20.2 g/sq m in Basto aa The dominant taxon 
on the roots of Rhizophora mangle is Crustacea 
(Balanus eburneus, B. recurvus and Corophium 
insidiosum), accounting for over 60% of the total 
number of individuals. They are followed by mol- 
lusks (Crassostrea rhizophora) and the polychaetes 
(serpulids). (Author’s abstract) 

W89-01281 


RECOMMENDATIONS FOR THE DETERMI- 
NATION OF PH IN SEA WATER AND ESTUA- 
RINE WATERS, 

Newcastle upon Tyne Univ. (England). Dept. of 
Physical Chemistry. 

For primary bibliographic entry see Field 7B. 
W89-01295 
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INFLUENCE OF TROPICAL ENVIRONMENT 
CONDITIONS ON THE MORPHOLOGY AND 
CHEMICAL COMPOSITION OF THE TEST OF 
FORAMINIFERA (GEN. AMMONIA) (INFLU- 
ENCE DES ENVIRONNEMENTS INTERTRO- 
PICAUX SUR LA MORPHOLOGIE ET LA 
COMPOSITION GEOCHIMIQUE DE TESTS 
DE FORAMINIFERES (GENRE AMMONIA) 
DU SENEGAL), 

Perpignan Univ. (France). Lab. of Marine Sedi- 
mentalogy and Geochemistry. 

J. Ausseil-Badie. 

Comptes Rendus de l’Academie des Sciences 
(Series 3) CHDDAT, Vol. 306, p 565-568, May 21, 
1988. 14 ref. English summary. 


Descriptors: *Foraminifera, *Estuarine environ- 
ment, *Chemical composition, *Morphology, 
*Tropical regions, Senegal, Protozoa, Physical 
properties, Chemical properties, Geochemistry, 
Magnesium, Heavy metals, Strontium, Calcite, 
Diagenesis, Environment, Marine biology. 


Three species of the genus Ammonia (Foraminif- 
era) are studied in relation to the physical and 
chemical conditions of the water in various estu- 
aries of Senegal. Morphological changes of the test 
and geochemical variations in the Mg- and Sr- 
content of the calcite are related to the degree of 
environmental confinement. The early diagenesis is 
registered by an Mg-enriched calcite both inside 
and outside of the tests, while the biogenic calcite 
content remains identical to the present test calcite. 
(Author’s abstract) 

W89-01357 


MODEL OF RESIDUAL CURRENTS AND 

— TRANSPORT IN THE ARABIAN 
ULF, 

University of Petroleum and Minerals, Dhahran 

(Saudi Arabia). Dept. of Mathematical Sciences. 

For primary bibliographic entry see Field 5B. 

W89-01361 


MODELLING LONG AND INTERMEDIATE 
WAVES IN A HARBOR, 

Tetra Tech, Inc., Pasadena, CA. 

For primary bibliographic entry see Field 8B. 
W89-01362 


CURRENT STUDIES ON SPECIES INTERAC- 
TIONS AND COMMUNITY ECOLOGY OF MA- 
CROBENTHOS IN INTERTIDAL FLATS: A 
REVIEW, (IN JAPANESE), 

Nagasaki Univ. (Japan). Faculty of Fisheries. 

A. Tamaki. 

Japanese Journal of Ecology JJECDN, Vol. 36, 
No. 1, p 55-68, 1986. 2 fig, 2 tab, 82 ref. English 
summary. 


Descriptors: *Benthic fauna, *Intertidal areas, 
*Aquatic populations, *Macroinvertebrates, *Eco- 
systems, Predation, Literature review, Population 
density, Case studies. 


A review is presented for experimental approaches 
to species interactions in macrobenthos inhabiting 
intertidal flats and to the effects of predators on 
their abundance pattern. Species interactions such 
as reduced competition through partition of re- 
sources, inhibition of larval recruitment by estab- 
lished adults, strong competition between adults, 
and promotive effects on small-sized organisms by 
large-sized bioturbating infauna are discussed. In 
the organization process of an intertidal flat com- 
munity, the importance of predation pressure low- 
ering the density of macrobenthos below the carry- 
ing capacity of their habitat and that of adult-larval 
interactions and bioturbation of sediment are high- 
lighted, based on the results of two case studies. 
(Author's abstract) 

W89-01381 


COMBINED TOXICITY OF COPPER, CADMI- 
UM, ZINC, LEAD, NICKEL, AND CHROME TO 
THE COPEPOD TISBE HOLOTHURIAE, 
Athens Univ. (Greece). Zoological Lab. and 
Museum. 

For primary bibliographic entry see Field 5C. 


W89-01394 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART III, 
For primary bibliographic entry see Field 2E. 
W89-01414 


FINITE ELEMENT CHARACTERISTIC AD- 
VECTION MODEL, 

Rosenstiel School of Marine and Atmospheric Sci- 
ence, Miami, FL. Div. of Applied Marine Physics. 
For primary bibliographic entry see Field SB. 
W89-01418 


MODELING TURBULENT TRANSPORT IN 
STRATIFIED ESTUARY, 

Hanover Univ. (Germany, F.R.). Inst. fuer Stroe- 
mungsmaschinen. 

For primary bibliographic entry see Field SB. 
W89-01419 


DETERMINATION OF FORMATE IN NATU- 
RAL WATERS BY A COUPLED ENZYMATIC/ 
HIGH-PERFORMANCE LIQUID CHROMATO- 
GRAPHIC TECHNIQUE, 

Rosenstiel School of Marine and Atmospheric Sci- 
ence, Miami, FL. Div. of Marine and Atmospheric 
Science. 

For primary bibliographic entry see Field 2H. 
W89-01421 


SEDIMENT-WATER OXYGEN AND NUTRI- 
ENT FLUXES IN A RIVER-DOMINATED ES- 
TUARY, 

Louisiana State Univ., Baton Rouge. Coastal Ecol- 
ogy Lab. 

K. G. Teague, C. J. Madden, and J. W. Day. 
Estuaries ESTUDO, Vol. 11, No. 1, p 1-9, March 
1988. 7 fig, 1 tab, 40 ref. 


Descriptors: *Estuaries, *Rivers, *Sediments, *Nu- 
trients, ‘Dissolved oxygen, “Nutrient flux, 
Oxygen, Nitrogen, Phosphorus, Ammonium, Sea- 
sonal variation, Bays, Chemical properties. 


Sediment oxygen uptake and net sediment-water 
fluxes of dissolved inorganic and organic nitrogen 
and phosphorus were measured at two sites in 
Fourleague Bay, Louisiana, from August 1981 
through May 1982. This estuary is an extension of 
Atchafalaya Bay which receives high discharge 
and nutrient loading from the Atchafalaya River. 
Sediment O2 uptake averaged 49 mg/sq m/h. On 
average, NH4(+) was released from the sediments, 
and NO3(-) was taken up. However, very different 
NO3(-) fluxes were observed at the two sites, with 
sediment uptake at the upper, river-influenced, 
high NO3(-) site and release at the lower, marine- 
influenced, low NO3(-) site. PO4(---) fluxes were 
low and often negative, while dissolved organic 
phosphorus fluxes were high and positive. Dis- 
solved organic nitrogen fluxes varied greatly, rang- 
ing from a mean of +305 micromol/sq m/h at the 
lower bay, to -710 micromol/sq m/h at the upper 
bay. Total dissolved nitrogen and phosphorus 
fluxes indicated the sediments were a nitrogen and 
phosphorus source at the lower bay, and a nitrogen 
sink and phosphorus source in the upper bay. Mean 
annual O:N ratios of the positive inorganic sedi- 
ment fluxes were 27:1 at the upper bay and 18:1 at 
the lower bay. Based on these data it is hypoth- 
esized that nitrification and denitrification were 
important sediment processes in the upper bay. 
Atchafalya River probably affected sediment- 
water fluxes through seasonally high nutrient load- 
ing which lead to net nutrient uptake by sediments 
in the upper bay and released in the lower bay, 
where there was less river influence. (Author's 
abstract) 

W89-01422 


ESTIMATING THE NET FLUX OF NUTRI- 
ENTS BETWEEN A SALT MARSH AND A 
TIDAL CREEK, 

South Carolina Univ., Columbia. Dept. of Statis- 
tics. 

J. D. Spurrier, and B. Kjerfve. 
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Estuaries ESTUDO, Vol. 11, No. 1, p 10-14, 
March 1988. 2 fig, 2 tab, 9 ref. NSF Grant DEB 
811952. 


Descriptors: *Nutrient flux, *Marshes, *Streams, 
*Nutrients, Salt marshes, Tides, Statistical analysis, 
Regression analysis, Mathematical models. 


Statistical aspects of estimating net fluxes of nutri- 
ents between a salt marsh and a tidal creek on a 
tidal cycle basis and an annual basis are explored. 
For individual tidal cycles, the instantaneous flux 
of a nutrient is written in a constrained linear 
model as a function of time. The model is rewritten 
as an unconstrained model, and net flux is shown 
to be a linear combination of the parameters of the 
model. Standard linear models techniques can be 
used to make inferences about net fluxes on a tidal 
cycle basis. Considering a year as a finite popula- 
tion of tidal cycles, annual net flux can be estimat- 
ed using a regression estimator. In the case of the 
flux of dissolved nitrite plus nitrate, the marsh was 
found to be a statistically significant sink for nitro- 
gen (in this form) from adjacent tidal creeks. (Au- 
thor’s abstract) 

W89-01423 


SEASONAL AND SPATIAL VARIABILITY IN 
MACROBENTHOS COMMUNITIES IN JA- 
MAICA BAY, NEW YORK: AN URBAN ESTU- 
ARY, 

Brooklyn Coll., NY. Dept. of Biology. 

For primary bibliographic entry see Field SC. 
W89-01424 


MACROBENTHIC COMMUNITIES FROM 
WETLAND IMPOUNDMENTS AND ADJA- 
CENT OPEN MARSH HABITATS IN SOUTH 
CAROLINA, 

Marine Resources Research Inst., Charleston, SC. 
E. L. Wenner, and H. R. Beatty. 

Estuaries ESTUDO Vol. 11, No. 1, p 29-44, March 
1988. 7 fig, 4 tab, 51 ref. Department of Commerce 
Grant NA81AA-D-00093, NA83AA-D-00057, 
NA84AA-D-00058, and NA85AA-D-SG121. 


Descriptors: *Salt marshes, *Benthos, *Rice culti- 
vation, *Reservoirs, Macroinvertebrates, Macro- 
phytes, Spatial distribution, Species diversity, Pop- 
ulation density, Habitats, Wetlands, Streams, Sta- 
tistical analysis. 


Forty-eight core and grab samples were taken 
from two impoundments and an adjacent tidal 
creek and salt marsh during each of six sampling 
periods (January, June and November 1983; and 
January, April and July 1984). Habitats sampled 
within the impoundments included the perimeter 
ditch and shallow vegetated areas dominated by 
Ruppia maritima, Spartina alterniflora, and Scirpus 
robustus. The adjacent tidal creek bottom and low 
marsh of S. alterniflora were sampled for compari- 
son with the impoundment sites. Major differences 
in faunal composition and density of macrobenthic 
invertebrates were observed between habitats in 
this study. Macrobenthic density was highest (475 
individuals 0.05/ sq m) at the impoundment site 
dominated by Scirpus robustus, where oligochaetes 
were abundant. The open marsh site had a density 
of 254 individuals 0.05/sq m. Among unvegetated 
sites, density for all sampling periods was higher in 
Chainey Creek than in the perimeter ditches of the 
impoundments. The total number of taxa was high- 
est for the open marsh and tidal creek sites. The 
impoundments contained vegetated sites which 
were inhabited by fewer species than nonimpound- 
ed sites, while the perimeter ditch sites were com- 
paratively depauperate. Cluster and nodal analyses 
identified four broad assemblages based on habitat: 
(1) an open marsh assemblage; (2) a creek assem- 
blage; (3) a eurytopic assemblage; and (4) an im- 
poundment assemblage. The separation of faunal 
assemblages by sampling site rather than sampling 
period suggests that physical differences between 
habitats were important factors determining distri- 
bution patterns. (Author’s abstract) 

W89-01425 





FOOD HABITS AND DISTRIBUTION OF WIN- 
TERING CANVASBACKS, AYTHYA VALISIN- 
ERIA, ON CHESAPEAKE BAY, 

Patuxent Wildlife Research Center, Laurel, MD. 
M. C. Perry, and F. M. Uhler. 

Estuaries ESTUDO, Vol. 11, No. 1, p 57-67, 
March 1988. 5 fig, 9 tab, 31 ref. 

Descriptors: *Estuaries, *Water milfoild, *Water- 
fowl, *Food habits, *Wetlands Ducks, Population 
dynamics, Habitats, Spatial distribution, Macroin- 
vertebrates, Clams, Macrophytes, Seasonal varia- 
tion, Regression analysis, Chesapeake Bay. 


Baltic clams (Macoma balthica) were the predomi- 
nant 100d items of 323 canvasbacks (Aythya vali- 
sineria) collected throughout Chesapeake Bay 
during 1970-1979. Natural vegetation constituted 
4% of the food volume. Widgeongrass (Ruppia 
maritima) and redhead grass (Potamogeton perfo- 
liatus) constituted the greatest percent volume and 
frequency of occurrence among the plant species, 
whereas wild celery (Vallisneria americana) consti- 
tuted only a trace of the food volume. These 
results contrast with historical records of food 
habits of canvasbacks in Chesapeake Bay. Canvas- 
back population estimates during the 1970's were 
examined to detect annual and seasonal changes in 
distribution. Linear regression analyses of winter 
canvasback populations in the bay showed a signif- 
icant decline in the upper-bay and middle-bay pop- 
ulations, but no significant changes in the lower- 
bay and Potomac River populations. The changes 
in winter distribution and abundance of the canvas- 
back appear related to changes in natural food 
availability, which is the result of altered environ- 
mental conditions e.g., a decline in aquatic vegeta- 
tion due to increased turbidity and herbicides. (Au- 
thor’s abstract) 

W89-01426 


STUDY ON POLYCHLORINATED DIBENZO- 

P-DIOXINS AND DIBENZOFURANS _ IN 

RIVERS AND ESTUARIES IN OSAKA BAY IN 

JAPAN. 

Setsunan Univ., Neyagawa (Japan). Faculty of 

Pharamaceuticai Sciences. 

For primary bibliographic entry see Field 5B. 
-01440 


EFFECTS ON SALTWATER ORGANISMS, 
California State Univ., Long Beach. Dept. of Biol- 
ogy. 

For primary bibliographic entry see Field SC. 
W89-01503 


SYNGENETIC ORIGIN OF GYPSUM CRYS- 
TALS BEARING BACTERIAL CALCITE NEO- 
FORMATION, DISCOVERED WITHIN SUS- 
PENDED MATTER IN THE LOIRE RIVER ES- 
TUARY, 

Nantes Univ. (France). Lab. de Geologie Marine. 
F. Ottmann, and W. R. Shi. 

Comptes Rendus de l’Academia des Sciences 
(Series 2) CHDCAQ, Vol. 306, No. 12, p 803-808, 
March 28, 1988. 6 fig, 11 ref. 


Descriptors: *Estuaries, *Microbial degradation, 
*Sediments, *Bacteria, *Gypsum, Clay formation, 
Loire River, France, Sulfieds, Calcium carbonate. 


Gypsum crystals found among the suspended 
matter in the Loire Estuary originate from the 
bacterial oxidation of the mud’s sulfides. They 
have syngenetic origin. These crystals were sub- 
jected to a further alteration with neo-genesis of 
the calcium carbonate microcrystals, also due to 
bacterial action. This phenomenon cound be attrib- 
uted to the severe drought that has parched the 
muds on the Loire’s banks. (Author’s abstract) 
W89-01512 


INTERNATIONAL ENVIRONMENTAL LAW 
AND POLICY: AN OVERVIEW OF TRANS- 
BOUNDARY POLLUTION, 

Illinois Univ. at Chicago Circle. 

For primary bibliographic entry see Field 6E. 
W89-01514 


WATER SUPPLY AUGMENTATION AND CONSERVATION—Field 3 


RELATIONSHIPS OF PHYTOPLANKTON 
WITH CERTAIN ENVIRONMENTAL FAC- 
TORS IN THE SOUTH EUBOIKOS GULF 
(GREECE), 

Institute of Oceanographic and Fisheries Research, 
Athens (Greece). 

N. Friligos, and O. Gotsis-Skretas. 

PSZNI: Marine Ecology, Vol. 8, No. 1, p 59-73, 
1987. 4 fig, 5 tab, 34 ref. 


Descriptors: *Eutrophic waters, *Phytoplankton, 
*Gulfs, *Euboikos Gulf, *Mediterranean Sea, En- 
vironmental effects, Nutrients, Species diversity, 
Chlorophyll a, Diatoms, Algae, Salinity, Zoo- 
plankton, Eutrophication, Seas. 


The abundance and taxonomic diversity of phyto- 
plankton was studied in relation to certain environ- 
mental factors in the South Euboikos Gulf, a re- 
stricted tidal embayment on the eastern coast of 
Greece. The northern part of the gulf with higher 
tidal current and influenced by sewage and indus- 
trial effluents, showed high concentrations of nutri- 
ents, a — total density of phytoplankton, rela- 
tively high chlorophyll a content, and a lower 
taxonomic diversity when compared with the 
southern part. The phytoplankton cycle was large- 
ly due to changes in diatom concentration. A slight 
variation in the occurrence of phytoplankton spe- 
cies and dominance and zooplankton density were 
observed along the salinity gradients. (Author’s 
abstract) 

W89-01520 


STRUCTURE OF THE EPIPHYTIC COMMU- 
NITY OF POSIDONIA OCEANICA LEAVES IN 
A SHALLOW MEADOW, 

Stazione Zoologica di Napoli (Italy). 

E. Casola, M. Scardi, L. Mazzella, and E. Fresi. 
PSZNI: Marine Ecology, Vol. 8, No. 4, p 285-296, 
1987. 7 fig, 2 tab, 21 ref. 


Descriptors: *Sea grasses, *Wetlands, *Species 
composition, *Epiphytes, *Microclimates, Hy- 
droids, Bryozoans, Macrophytes, Leaves, Aquatic 
plants, Ischia Island, Italy, Gulf of Naples, Inverte- 
brates, Succession. 


The structure of the epiphytic community (hy- 
droids, bryozoans, and the most abundant macro- 
phytes) of Posidonia oceanica leaves in a shallow 
meadow near Lacco Ameno, Island of Ischia (Gulf 
of Naples, Italy) was studied. The structure of the 
community changed along an age gradient that 
extended from the inner to the outer leaves and 
from the basis to the apex of each leaf. This 
structure was also affected by microclimatic fac- 
tors. The dynamics of community maturation is 
described. (Author’s abstract) 

W89-01522 


PHAGE-SENSITIVE BACTERIA IN_ SEA- 
WATER OF KAGOSHIMA BAY, (IN JAPA- 
NESE), 

Kagoshima Univ. (Japan). Faculty of Fisheries. 
For primary bibliographic entry see Field 5A. 
W89-01523 


CASE STUDY: BAY OF POZZUOLI (GULF OF 
NAPLES, ITALY), 
ENEA, La Spezia (Italy). Centro Richerche Ener- 
ia Ambiente. 
‘or primary bibliographic entry see Field 5B. 
W89-01732 


WETLANDS, 

Ohio State Univ., Columbus. School of Natural 
Resources. 

For primary bibliographic entry see Field 2H. 
W89-01800 


INTERCALIBRATION OF ANALYTICAL 
ETHODS ON MARINE ENVIRONMENTAL 
SAMPLES: RESULTS OF MEDPOL II EXER- 
CISE FOR THE INTERCOMPARISON OF 
TRACE ELEMENT MEASUREMENTS ON 
MUSSEL TISSUE HOMOGENATE AND 
MARINE SEDIMENT (MA-M-2/TM AND SD-N- 
1/2/TM). 


Water Yield Improvement—Group 3B 


International Lab. of Marine Radioactivity, 
Monaco-Ville (Monaco). 

For primary bibliographic entry see Field 5A. 
W89-01813 


ATCHAFALAYA RIVER DELTA. REPORT 2: 
FIELD DATA, SECTION 1: ATCHAFALAYA 
BAY PROGRAM DESCRIPTION AND DATA, 
VOLUME I: MAIN TEXT, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

C. J. Coleman, A. M. Teeter, B. P. Donnell, G. M. 
Fisackerly, and D. A. Crouse. 

Available from the National Technical Information 
Service, Springfield, VA. 22161 as AD-A197 560. 
Price codes: A03 in paper copy; AOI in microfiche. 
Technical Report HL-82-15, June 1988. Report 2 
of a Series (in Two Volumes). 24p, 9 fig, 1 tab, 3 
photos, 6 ref. 


Descriptors: *Hydrologic data collections, *Atcha- 
falaya River, *Deltas, *Sedimentation, *Hydrolog- 
ic studies, Model studies, Louisiana, Estuaries, Sa- 
linity, Conductivity, Suspended solids, Water tem- 
perature, Water currents. 


Data collected for use in development and verifica- 
tion of numerical and physical models employed to 
predict the evolution of the Atchafalaya Bay Delta 
are described. Data collection was conducted in 
this area during 1980 through 1983. Representative 
results are included covering tidal elevations, cur- 
rent velocity, conductivity, and water temperature, 
suspended matter, and salinity. Methods used in 
obtaining these data are described. (Lantz-PTT) 
W89-01825 


WASTEWATER INPUT TO COASTAL WET- 
LANDS: MANAGEMENT CONCERNS, 

San Diego State Univ., CA. Dept. of Biology. 
For primary bibliographic entry see Field 5D. 
W89-01835 


SOME LONG-TERM CONSEQUENCES OF 
SEWAGE CONTAMINATION IN SALT 
MARSH ECOSYSTEMS, 

Marine Biological Lab., Woods Hole, MA. 

For primary bibliographic entry see Field 5C. 
W89-01847 


3. WATER SUPPLY 
AUGMENTATION 
AND CONSERVATION 


3A. Saline Water Conversion 


NALCO WATER HANDBOOK. 
For primary bibliographic entry see Field 5F. 
W89-01824 


3B. Water Yield Improvement 


PRECIPITATION DEVELOPMENT IN NATU- 
RAL AND SEEDED CUMULUS CLOUDS IN 
SOUTHERN AFRICA, 

Toronto Univ. (Ontario). Dept. of Physics. 

D. R. Hudak, and R. List. 

Journal of Applied Meteorology JAMOAX, Vol. 
27, No. 6, p 734-756, June 1988. 12 fig, 9 tab, 30 
ref. 


Descriptors: *Model studies, *Precipitation, 
*Cloud liquid water, *Rainfall, *Cloud seeding, 
*Weather modification, Weather data collections, 
Southern Africa, Cloud physics, Bethlehem Pre- 
cipitation Research Project, Cloud models. 


The development of precipitation was studied in 
southern Africa in 23 clouds, 12 unseeded and 11 
seeded, from 11 days during the Bethlehem Pre- 
cipitation Research Project. Surface and upper air 
data were used to describe the environmental con- 
ditions while aircraft and radar data were used to 
determine the ice water budget in the clouds. Two 
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Group 3B—Water Yield Improvement 


relatively simple cloud models were used to help 
identify seedable situations. They were a one-di- 
mensional steady state model with bulk microphy- 
sical parameterization and a one-dimensional time- 
dependent model with detailed microphysics. The 
data were divided into three sets based on the main 
airmasses affecting the area: maritime tropical 
(mT), continental tropical (cT), and maritime polar 
(mP). The smaller clouds on the mT days, with 
tops warmer than -20 C, were the most likely 
candidates for precipitation enhancement from 
both the microphysical and dynamic seeding view- 
points. There the time-dependent model calculated 
a precipitation efficiency increase from 2% to 15% 
due to seeding. For clouds in the cT air the rapid 
natural onset of ice suggested that they were not 
seedable microphysically. Clouds in the mP air 
were determined to be not seedable because they 
were either very efficient microphysically or their 
lifetimes were too short. The developed proce- 
dures give insight into the chances for rain en- 
hancement in a given meteorological situation. To 
treat these results in a statistically significant 
manner would require a much larger sample of 
cases. (Author’s abstract) 

W89-01375 


3C. Use Of Water Of Impaired 
Quality 


STRUCTURE OF PERIPHYTIC COMMUNI- 
TIES IN COOLING POND OF NUCLEAR 
POWER PLANT, 

Akademiya Nauk URSR, Kiev. Inst. Hidrobiolo- 


gii. 
For primary bibliographic entry see Field 2H. 
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REUSING WATER, 

P. Schorr, and R. T. Dewling. 

Civil Engineering CEWRAY, Vol, 58, No. 8, p 69- 
71, August 1988. 


Descriptors: *Reclaimed water, *Wastewater ren- 
ovation, *Domestic water, *Water reuse, Drinking 
water, Industrial water, Irrigation water, Ground- 
water recharge. 


The worst drought to hit the U.S. in 50 years has 
underscored the need for conservation, including 
water reuse. The programs utilized by several 
states for reclaiming wastewater for agricultural, 
landscape, domestic and home use are discussed. 
Dual supply and dual distribution systems are op- 
erating successfully. They can be adapted to local 
conditions and fulfill the objectives of using only 
the highest quality water for drinking and lower 
grades of water for groundwater recharge, irriga- 
tion, toilet flushing, powerplant cooling and indus- 
trial applications. While more information is 
needed on water reuse in both humid and arid 
climates, experts have predicted that it may be 
reasonable to reuse 10-25% of total water con- 
sumption in regions of 5-10 million people. (Sand- 
PTT 
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ESTIMATING COSTS MODEL OF DUAL 
WATER SUPPLY SYSTEMS, 
Marsan (Andre) et Associes, 
(Quebec). 

For primary bibliographic entry see Field 5F. 
W89-01369 


Inc., Montreal 


HEALTH ASPECTS OF THE USE OF RECY- 
CLED WATER IN WINDHOEK, SWA/NA- 
MIBIA, 1974-1983, 

University of the Witwatersrand, Johannesburg 
(South Africa). 

For primary bibliographic entry see Field SF. 
W89-01378 


WASTEWATER RECLAMATION AND REUSE, 
California State Water Resources Control Board, 
Sacramento. 

T. Asano. 

Journal - Water Pollution Control Federation 


JWPFAS, Vol. 60, No. 6, p 854-856, June 1988. 46 
ref. 


Descriptors: *Literature review, *Wastewater ren- 
ovation, *Wastewater treatment, *Water reuse, 
Water supply, M g, Municipal 
wastewater, Groundwater recharge, Industrial 
wastewater, Recycling, Technology. 





Literature published in 1987 on water reclamation 
and reuse is summarized, with emphasis on devel- 
opments and technologies that contributed more to 
water supply benefits than to water pollution con- 
trol. Topics covered are international activities of 
significance in the wastewater reclamation field, 
water reuse planning, municipal wastewater reuse, 
groundwater recharge, industrial water recycling 
and reuse, and development of technology. The 
review aims to include all pertinent, important and 
significant articles without evaluating their merit; 
when selections were made, availability of docu- 
ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 
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WATER REUSE AND RECYCLING IN INDUS- 
TRY, 


Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Civil Engineering. 

For primary bibliographic entry see Field 5D. 
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IMPLEMENTATION OF AN AQUEOUS 
WASTE SUBSTITUTION PROJECT AT GIANT 
CEMENT COMPANY AND COMPLIANCE 
WITH THE ASSOCIATED PERMITS BY 
SOUTH CAROLINA DEPARTMENT OF 
HEALTH AND ENVIRONMENTAL CONTROL, 
South Carolina State Dept. of Health and Environ- 
mental Control, Columbia. Div. of Industrial and 
Agricultural Wastewater. 

M. H. Bushway, L. L. Bunn, and R. J. 
Schoenberger. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 437-446, 2 fig, 4 tab. 


Descriptors: *Water pollution control, *Cements, 
*Water reuse, *Wastewater treatment, Costs, Eco- 
nomic aspects, Air pollution, Volatile organic com- 
pounds, Brine, Organic compounds. 


Wastewater reuse (substitution) is not a panacea, 
but for control of polltuion by many types of 
wastewater it is the best choice available. Pretreat- 
ment can aid in making more streams acceptable. 
Unlike conventional water treatment facilities, the 
substitution program does not become metal con- 
centration limited. It represents a cost competitive, 
environmentally sound approach to wastewater 
disposal. Wastewater substitution was found to 
have: lower cost than competing technology to the 
waste generator, lower cement production costs, 
and increased competition against imports. It is 
good for the environment because there is: no 
discharge to waterways or sewers, no discharge 
onto the land, and the final product integrity re- 
quires close and constant checks on the efficiency 
of the kilns. Emissions to the air are controlled. 
Metal emissions are only slightly increased even 
when the water contains very high metal concen- 
trations. Volatile organics are only destroyed be- 
tween 10% and 40%; therefore, they must be 
limited or pretreated. Non-volatile organics pyro- 
lyze and, therefore, must be limited for safety and 
fire. Salt brine has no observed adverse emission 
concentrations. (See also W89-02006) (Lantz-PTT) 
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IRRIGATION OF PASTURE WITH MEAT- 
PROCESSING PLANT EFFLUENT, 

Meat Industry Research Inst. of New Zealand, 
Hamilton. 

For primary bibliographic entry see Field SE. 
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WATER TREATMENT AND REUSE, 


Teesside Polytechnic, Middlesbrough (England). 
Dept. of Chemical Engineering. 

For primary bibliographic entry see Field 5F. 
W89-02108 


3D. Conservation In Domestic and 
Municipal Use 


EFFECTS OF THE DEVELOPMENT OF 
RURAL WATER SUPPLY ON THE GEO- 
GRAPHIC RHYTHM OF THE VILLAGERS 
AND AGRICULTURE IN THE MTWARA 
REGION OF TANZANIA (MAASEUDUN VESI- 
HUOLLON PARANEMISEN VAIKUTUS KY- 
LALAISTEN MAANTIELEELLISEEN  RYT- 
MIIN JA MAANVILJELYYN MTWARAN 
LAANIN ALUEELLA TANSANIASSA), 

Helsinki Univ. (Finland). Inst. of Development 
Studies. 

T. Sitari. 

Terra, Vol. 98, No. 2, p 168-176, 1986. 7 fig, 12 ref. 
English summary. 


Descriptors: *Water supply development, *Devel- 
oping countries, *Agriculture, Tanzania, Water 
distribution. 


During the current Decade of Water and Sanita- 
tion, the aid agencies have seen the improvement 
of the water supply as a priority, and it has re- 
ceived a lot of attention from the governments of 
the developing countries. It can be assumed that 
the improvement of a water supply has many ef- 
fects; however, none of them is easy to measure. In 
this article the effects of the improved water 
supply in the Mtwara Region of Tanzania are 
studied in the framework of the daily and annual 
time-space rhythm of the villagers. The improve- 
ment of the water supply reduces the differences in 
these rhythms between the villages and the climat- 
ic seasons. As a consequence of these changes, 
people in general will have more spare time during 
the dry season, which eventually will be used for 
other activities. Since most of the people are farm- 
ers, it would be natural to use this time for improv- 
ing and increasing agriculture, but the climatic 
conditions set limitations for this unless the farmers 
can find methods for water control and, this way, 
extend the cultivating season. (Author’s abstract) 
W89-01312 


3E. Conservation In Industry 


WASTE REDUCTION: PROGRAM, PRACTICE 
AND PRODUCT IN CHEMICAL MANUFAC- 
TURING, 

Dow Chemical Co., Midland, MI. 

For primary bibliographic entry see Field 5G. 
W89-01342 


SOURCE REDUCTION TECHNICAL ASSIST- 
ANCE: A PILOT PROJECT AND ITS IMPLICA- 
TIONS FOR THE CHEMICAL INDUSTRY, 
Massachusetts Dept. of Environmental Manage- 
ment, Boston. 

For primary bibliographic entry see Field 5G. 
W89-01343 


3F. Conservation In Agriculture 


EFFECTS OF THE DEVELOPMENT OF 
RURAL WATER SUPPLY ON THE GEO- 
GRAPHIC RHYTHM OF THE VILLAGERS 
AND AGRICULTURE IN THE MTWARA 
REGION OF TANZANIA (MAASEUDUN VESI- 
HUOLLON PARANEMISEN VAIKUTUS KY- 
LALAISTEN MAANTIELEELLISEEN' RYT- 
MIIN JA MAANVILJELYYN MTWARAN 
LAANIN ALUEELLA TANSANIASSA), 

Helsinki Univ. (Finland). Inst. of Development 
Studies. 

For primary bibliographic entry see Field 3D. 
W89-01312 





CONFLICTS BETWEEN WETLAND CONSER- 
VATION AND GROUNDWATER EXPLOITA- 
TION: TWO CASE HISTORIES IN SPAIN, 
Universidad Complutense de Madrid (Spain). 
Dept. of Geodynamics. 

For primary bibliographic entry see Field 2H. 
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GROWING VEGETABLES WITH LITTLE 
WATER, 

Botswana Technology Centre, Gaborone. 

I. Martin. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as PB87-225611. 
Price codes: A03 in paper copy, AO1 in microfiche. 
January 1987. 42p. 


Descriptors: *Vegetable crops, *Water conserva- 
tion, *Plant growth, *Drought resistance, Agricul- 
ture, Drought, Water shortage, Crops, Cowpeas, 
Kale, Onions, Spinach, Sweet potatoes, Peppers, 
Evaporation, Agronomy. 


There are many ways to cut down on water use 
when growing vegetables. This paper recommends 
using plants and methods which require a minimal 
input of water, time and money. The plants which 
require the least care are cowpeas, rape, kale, 
perennial onions, wild spinach, sweet potatoes and 
chili peppers. When the plants grow about 5 cm 
high, then deep rooting can be encouraged by 
watering them only when they wilt. This saves 
water because watering is less frequent, so less is 
lost through evaporation. Further methods of 
saving water are: planting in basins or furrows 
which collect rainwater and direct the water to the 
roots; and using waste water which is not too 
soapy. One can also purchase shade netting, drip 
irrigation, and/or rainwater catchment tanks and 
gutters, if there is enough money and experience. 
Other essential features of gardening are protecting 
the plants from wind and animals with good fenc- 
ing or hedges and keeping away weeds and pests. 
(Lantz-PTT) 
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PERSPECTIVE ON SOIL AND WATER CON- 
SERVATION AND AGRICULTURALLY RE- 
LATED GROUNDWATER CONTAMINATION, 
Soil Conservation Service, East Lansing, MI. 

For primary bibliographic entry see Field 4C. 
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BETTER THAN ‘OPTIMAL’ METHOD FOR 
DESIGNING DRAINAGE SYSTEMS, 

CDM, Raleigh, NC. 

S. W. Miles, and J. P. Heaney. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWPEDS, Vol. 114, No. 5, p 477- 
499, September 1988. 6 fig, 4 tab, 18 ref. 


Descriptors: *Drainage systems, *Computer pro- 
grams, *Storm runoff, *Hydraulic design, *Auto- 
mation, Computers, Cost analysis, Algorithms, 
Design criteria, Spreadsheet programs, Florida, 
Performance evaluation. 


The Lotus 1-2-3 spreadsheet package has been 
used to develop a stormwater drainage design 
method which is based on the Florida Department 
of Transportation’s (FDOT) hand tabulation form 
(FDOT 1987). By using the FDOT procedure, the 
spreadsheet method allows engineers already fa- 
miliar with the manual calculation procedure to 
more easily adapt to the new microcomputer envi- 
ronment. The spreadsheet performs the necessary 
calculations quickly and easily while not hindering 
the user with tedious input procedures and confus- 
ing algorithms typical of many computer codes. 
The spreadsheet method also employs a heuristic 
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cost estimation approach which allows the user to 
find a least cost design. This method has been used 
to solve a problem previously solved with two 
dynamic programming algorithms. Since the 
spreadsheet method does not use a sophisticated 
optimization algorithm, many simplifying assump- 
tions made in the dynamic programming algo- 
rithms are not necessary. The results show that the 
spreadsheet method was able to significantly im- 
prove on the dynamic programming designs while 
more consistently meeting the design criteria. (Au- 
thor’s abstract) 

W89-01365 


CISTERNS FOR WATER CONSERVATION 
AND FLOOD CONTROL, 

French (R.H.), Las Vegas, NV. 

R. H. French. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWPEDS, Vol. 114, No. 5, p 565- 
577, September 1988. 2 fig, 6 tab, 17 ref. 
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The potential contribution of privately owned cis- 
tern systems to both water conservation and flood 
control in arid and semi-arid regions is examined. 
—- cistern systems cannot replace all tradi- 
tional flood control systems, in some cases the use 
of cistern systems may present an economically 
attractive technique of conserving water and con- 
trolling runoff. For example, the comparison of the 
annual costs of cisterns and a small detention basin 
demonstrates that cisterns (given certain assump- 
tions) may offer a competitive alternative if the 
value of the water lost each year from the deten- 
tion basin as runoff of evaporation is considered. In 
the Las Vegas area, the annual cost of water 
conserved by a cistern ranges from $15 to 17/1,000 
gal, while potable water currently costs approxi- 
mately $1.00/1,000 gal. Given the current cost of 
water in the American Southwest, cisterns are not 
yet a viable water conservation alternative. How- 
ever, in situations in which water conservation and 
flood control benefits can be combined, cisterns 
are a cost effective alternative that should be con- 
sidered. (Author’s abstract) 
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MOUNTAIN CATCHMENT MANAGEMENT 
WITH GOAL PROGRAMMING, 

Department of Environmental Affairs, Pretoria 
(South Africa). 

D. W. van der Zel, and B. H. Walker. 

Journal of — Environmental Management 
JEVMAW, Vol. 27, No. 1, p 25-51, July 1988. 6 
fig, 4 tab, 22 ref, 5 append. 
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The problem of resolving conflicts between goals 
in the management of mountain catchments is con- 
sidered. The mountain catchments of Southern 
Africa, as defined here, take up about 12% of the 
area, but deliver 53% of the mean annual runoff. 
No clear-cut optimization method has been avail- 
able to cope with the multiple management goals, 
so a procedure for land use planning was devel- 
oped, using goal programming as the appropriate 
technique. The interaction between four goals in 
the Natal Midlands mountain catchment is illustrat- 
ed by optimizing 15 possible land uses on 32 catch- 
ment capability classes of land, i.e. where internal- 
ly homogeneous conditions prevail. The four goals 
were identified as: (a) delivery of maximum water 
runoff; (b) delivery of minimum soil loss; (c) provi- 
sion of maximum outdoor recreation opportunities; 
and (d) achieving the maximum economic return. 
A number of scenarios are compared with the 
present land use situation. To illustrate the tech- 
nique’s versatility, several ordinal solutions are also 
worked out. The exercise is concluded with a 
sensitivity analysis of the particular solutions, and 
in the discussion the features and problems of the 
goal programming method advocated are treated 
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in detail. It is concluded that the analysis is objec- 
tive and useful, but that the output is very sensitive 
to the order of priority of the goals. Avenues of 
further research are indicated. (Author’s abstract) 
W89-01374 


DISEASE HAZARDS OF IRRIGATION 
SCHEMES, 

Mahidol Univ., Bangkok (Thailand). Faculty of 
Tropical Medicine. 

For primary bibliographic entry see Field 6G. 
W89-01379 


FATE AND PERSISTENCE OF AQUATIC HER- 
BICIDES, 

Minnesota Mining and Mfg. Co., St. Paul. Envi- 
ronmental Lab. 

For primary bibliographic entry see Field 5B. 
W89-01383 


SHEAR WAVES AND UNSTEADY SELECTIVE 
WITHDRAWAL, 

Stanford Univ., CA. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 2H. 
W89-01420 


IMPROVEMENTS IN WATERSHED MANAGE- 
MENT YIELD ENHANCED REVENUES, 
Washington Suburban Sanitary Commission, Broo- 
keville, MD. 

M. J. Grear. 

Aqua AQUAAA No.4, p 199-204, 1988. 5 fig, 3 
tab, 17 ref. 
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Flexible, innovative solutions for more productive 
watershed resources management were planned 
and implemented by the Washington Suburban 
Sanitary Commission to reduce negative cash flow 
and to generate additional revenues to help sustain 
increasingly costly recreational amenities. This was 
accomplished while continuing to protect raw 
water quality and preserve reservoir storage capac- 
ity. Positive customer goodwill and public rela- 
tions benefits also accrued because of the spon- 
sored Christmas tree sale. (Hammond-PTT) 
W89-01431 


PROGRESSIVE ALTERATION OF FINE SEDI- 
MENT ALONG AN URBAN STORM DRAIN, 
Exeter Univ. (England). Dept. of Geography. 

For primary bibliographic entry see Field 2J. 
W89-01457 


REGULATED STREAMS: ADVANCES IN 
ECOLOGY. 

For primary bibliographic entry see Field 2H. 
W89-01736 


CONSIDERATIONS IN ASSESSING FLUSH- 
ING FLOW NEEDS IN REGULATED STREAM 
SYSTEMS, 

Bechtel, Inc., San Francisco, CA. 

For primary bibliographic entry see Field 2E. 
W89-01739 


ASSESSMENT OF FLUSHING FLOW RECOM- 
MENDATIONS IN A STEEP, ROUGH, REGU- 
LATED TRIBUTARY, 

Wyoming Water Research Center, Laramie. 

For primary bibliographic entry see Field 2E. 
W89-01740 


EFFECTS OF VARYING FLOWS IN MAN- 
MADE STREAMS ON RAINBOW TROUT 
(SALMO GAIRDNERI RICHARDSON) FRY, 
Otago Univ., Dunedin (New Zealand). Dept. of 
Zoology. 

For primary bibliographic entry see Field 2H. 
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DEVELOPMENT AND APPLICATIONS OF 
MACROINVERTEBRATE INSTREAM FLOW 
MODELS FOR REGULATED FLOW MANAGE- 
MENT, 

Tulsa Univ., OK. Faculty of Biological Science. 
J. A. Gore. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 99-115, 8 fig, 55 
ref. 
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Instream flow models which have been designed to 
predict density and biomass changes among 
benthic macroinvertebrates have been shown to be 
effective for regulated flow management. Macroin- 
vertebrate flow needs, as they relate to the flow 
needs of managed fish populations, are particularly 
important since macroinvertebrates, being less 
mobile, may have higher discharge requirements 
under certain flow conditions. Models which have 
integrated depth, velocity, and substrate values 
into a single hydraulic index can be used in place 
of the composite suitability values of the IFG-IV 
programs and may increase the precision of the 
flow requirement estimates as well as reducing the 
variance problems sometimes encountered with the 
incremental technique. More research is needed to 
support the general application of macroinverte- 
brates instream flow studies for regulated flow 
management. The utility of the model for predict- 
ing density and biomass is well documented. It will 
be the decision of regulatory agencies and stream 
managers to apply these models and predictions for 
the maintenance of biotic stability in fluctuating 
flow environments. (See also W89-01736) (Lantz- 
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CLASSIFICATION OF TAILWATER SITES RE- 
CEIVING RESIDUAL FLOWS FROM UPLAND 
RESERVOIRS IN GREAT BRITAIN, USING 
MACROINVERTEBRATES DATA, 
Freshwater Biological Association, 
(England). River Lab. 

For primary bibliographic entry see Field 6G. 
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IMPACT OF LARGE DISCHARGE FLUCTUA- 
TIONS ON THE MACROINVERTEBRATE 
POPULATIONS DOWNSTREAM OF A DAM, 
Lyon-1 Univ., Villeurbanne (France). Dept. de 
Biologie Animale et Ecologie. 

For primary bibliographic entry see Field 6G. 
W89-01746 


PREDICTING THE EFFECTS OF A POSSIBLE 
TEMPERATURE INCREASE DUE TO 
STREAM REGULATION ON THE EGGS OF 
WHITEFISH (COREGONUS LAV ARETUS) - A 
LABORATORY APPROACH, 

Oslo Univ. (Norway). Zoological Museum. 

For primary bibliographic entry see Field 5C. 
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SUSPENDED SOLIDS TRANSPORT WITHIN 
REGULATED RIVERS EXPERIENCING PERI- 
ODIC RESERVOIR RELEASES, 

Loughborough Univ. of Technology (England). 
Dept. of Geography. 

For primary bibliographic entry see Field 2J. 
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TIME-SCALES FOR ECOLOGICAL CHANGE 
IN REGULATED RIVERS, 

Loughborough Univ. of Technology (England). 
Dept. of Geography. 

For primary bibliographic entry see Field 2E. 
W89-01753 


TOWARDS A RATIONAL ASSESSMENT OF 
RESIDUAL FLOWS BELOW RESERVOIRS, 


Institute of Hydrology, Wallingford (England). 
For primary bibliographic entry see Field 2E. 
W89-01754 


EFFECTS OF SHORT-TERM REGULATION 
BY POWER PLANTS ON EROSION AND 
WATER QUALITY OF A RIVER, 

Valtion Teknillinen Tutkimuskeskus, Espoo (Fin- 
land). 

For primary bibliographic entry see Field 6G. 
W89-01755 


POSSIBLE EFFECTS OF THE PROPOSED 
EASTERN ROUTE DIVERSION OF CHANG- 
JIANG (YANGTZE) RIVER WATER TO THE 
NORTHERN PROVINCES WITH EMPHASIS 
ON THE HYDROBIOLOGICAL ENVIRON- 
MENT OF THE MAIN WATER BODIES 
ALONG THE TRANSFER ROUTE, 

Academia Sinica, Lochiaschan (China). Inst. of 
Hydrobiology. 

For primary bibliographic entry see Field 6G. 
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RESPONSES OF EPILITHIC ALGAE TO REG- 
ULATION OF ROCKY MOUNTAIN STREAMS, 
Colorado State Univ., Fort Collins. Dept. of 
Botany and Plant Pathology. 

For primary bibliographic entry see Field 6G. 
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ECOLOGY OF REGULATED STREAMS: PAST 
ACCOMPLISHMENTS AND _ DIRECTIONS 
FOR FUTURE RESEARCH, 

Colorado State Univ., Fort Collins. Dept. of Zool- 
ogy and Entomology. 

For primary bibliographic entry see Field 6G. 
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AQUATIC NOXIOUS PLANTS LEGISLATION, 
Ruakura Soil and Plant Research Station, Hamil- 
ton (New Zealand). 

For primary bibliographic entry see Field 6E. 
W89-01879 


FLOW CONTROL, 

Otago Univ., Dunedin (New Zealand). Dept. of 
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J. R. Irvine, and I. G. Jowett. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 94-112, 2 tab, 76 ref. 
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The main objectives of this chapter are to describe 
physical and biological conditions downstream of 
New Zealand hydroelectric dams and to discuss 
practical ways of mitigating harmful downstream 
effects caused by dams. This chapter brings togeth- 
er results from relevant new Zealand studies, refer- 
ring to overseas publications primarily when local 
examples are lacking or inadequate. As effects 
below dams can be grouped conveniently into 
those concerning changes in discharge, sediment, 
water temperature and water quality, the chapter 
has been organized around these categories. Fig- 
ures and tables summarize the general effects 
below dams and lists those hydroelectric develop- 
ments in New Zealand where environmental con- 
siderations have played some role in the establish- 
ment of discharge restrictions. (See also W89- 
01871) (Lantz-PTT) 
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AQUATIC WEED PROBLEMS, 


Ministry of Energy, Hamilton (New Zealand). 
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IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
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Aquatic macrophytes are those plants that live in 
freshwater habitats and are identifiable (at least to 
the generic level) with the naked eye. Encompass- 
ing angiosperms, ferns, bryophytes and characeans 
they are a valuable ecological component of fresh- 
water habitats. Under some circumstances, howev- 
er, aquatic macrophytes can interfere with usage 
and when this occurs these plants are viewed as 
weeds. Therefore, the week status of an aquatic 
macrophyte depends on the function of a lake, and 
this status in most, if not all, cases will be unrelated 
to the plant’s ecological role. In New Zealand, 
relatively few macrophyte species interfere with 
hydroelectric power generation. The paucity of 
obnoxious species in hydro-lakes is vividly illus- 
trated by reference to Lake Aratiatia, which has a 
total macrophyte flora of 20 species, of which only 
three (Lagarosiphon major, Elodea canadensis and 
Ceratophyllum demersum) cause any significant 
problems in terms of reservoir function. This chap- 
ter briefly reviews how the macrophyte problem in 
New Zealand hydro lakes originated, the reasons 
for the problem and possible solutions, which in- 
clude: screen-cleaners, weed booms, killing the 
weeds, weeding, weed harvesting, and chemical 
control. (See also W89-01871) (Lantz-PTT) 
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ENVIRONMENTAL 
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Aquatic vegetation occurs naturally in most bodies 
of water. However, excessive growth of the vege- 
tation is undesirable for environmental engineering 
management. This volume treats the subject of 
aquatic plant control by both chemical and non- 
chemical methods. Detailed data are presented on 
the ecology and biology of different elements of 
the ecosystem and the many factors affecting the 
natural resource environment. The holistic ap- 
proach to aquatic vegetation control is used to 
describe and delineate functional relationships as a 
multidiscipline solution of the problem. (See W89- 
01991 thru W89-02001) (Lantz-PTT) 
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Environmental Protection Agency, Washington, 
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IN: Environmental Management of Water 
Projects. CRC Press, Inc., Boca Raton, FL. 1987. 
p 35-47, 3 tab, 14 ref. 
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Eurasian watermilfoil (Myriophyllum spicatum 
L.), a submersed aquatic weed, has seriously inter- 
fered with many water uses in the Tennessee 
Valley Authority (TVA) reservoirs. Effective con- 
trol of this noxious species has been obtained by 
combining water level manipulation and chemical 
treatment with granular preparations of the butox- 
yethanal ester and liquid formulations of the di- 
methylamine salt of 2,4-dichlorophenoxyacetic 
acid (2,4-D). The drawdowns permit drying or 
freezing of stems and rootcrowns throughout the 
colonized littoral zone while applications of herbi- 
cides are made to selected treatment areas. The 
EPA established tolerances of 0.10 ppm in potable 
water and | ppm in fish flesh for 2,4-D use in the 
control of Eurasian watermilfoil in TVA reser- 
voirs. (See also W89-01990) (Lantz-PTT) 
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TECHNICAL REVIEW OF THE FACTORS AF- 
FECTING 2,4-D FOR AQUATIC USE, 

E. O. Gangstad. 

IN: Environmental Management of Water 
Projects. CRC Press, Inc., Boca Raton, FL. 1987. 
p 73-84, 61 ref. 
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The herbicide 2,4-D was prepared in 1941 by the 
interaction of 2,4-dichlorophenol, monochoroace- 
tic acid, and sodium hydroxide, and a similar proc- 
ess is used in its commercial production. It is used 
to control aquatic weeds in ponds, lakes, reser- 
voirs, marshes, bayous, drainage ditches, canals, 
rivers, and streams that are quiescent or slow 
moving. It is one of a family of phenoxy herbicides 
that are predominantly toxic to green plants and 
much less toxic to mammals, birds, fish, reptiles, 
shellfish, insects, worms, fungi, and bacteria. When 
properly used, it does not persist in the environ- 
ment at levels harmful to animals and aquatic orga- 
nisms. It does not concentrate in food chains and is 
detectable only rarely in food and then in only 
insignificant amounts. The principal hazard in the 
use of the phenoxys is to crops and other valuable 
plants either within the treated are or nearby. 
Treated crops can be injured through accidental 
overdosing, improper timing of treatments, unusual 
weather conditions, and other causes. Injury to 
nearby crops and ornamentals can result from drift 
of droplets or vapors of the spray. Such losses are 
largely preventable through the use of proper for- 
mulations and spray equipment and the exercise of 
good judgement. (See also W89-01990) (Author’s 
abstract) 
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TECHNICAL REVIEW OF THE FACTORS AF- 
FECTING ENDOTHALL FOR AQUATIC USE, 
E. O. Gangstad. 
IN: Environmental Management of Water 
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p 85-94, 31 ref. 
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Endothall (7-oxabicyclo (2.2.1)heptane-2,3-dicar- 
boxylic acid) is related to cantharidic acid, a chem- 
ical found in nature, and unlike almost all other 
herbicides, contains only carbon, hydrogen, and 
oxygen. It was discovered as having herbicidal 
properties in 1950 as a dessicant for terrestrial 
plants. The aquatic herbicidal properties were dis- 
covered in 1953, and it was first registered for this 
purpose in 1960. Endothall (Aquathol K) is a mod- 
erately selective contact herbicide. It is rapidly 
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degraded by microorganisms in the soil which 
utilize the degraded fragments of the chemical in 
their own metabolic systems. The typical half-life 
of the herbicide in treated water is 2 to 3 days. 
Decomposition of heavy infestations of weeds con- 
trolled by endothall may reduce oxygen levels in 
static water and this could cause suffocation of 
some fish in these areas. As the label direct, water 
containing heavy vegetation should be treated in 
sections at 5- to 7-day intervals to prevent suffoca- 
tion of fish. As a consequence of the rapid degra- 
dation, there is no tendency of the chemical to 
bioaccumulate in aquatic organisms. (See also 
W89-01990) (Lantz-PTT) 
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TECHNICAL REVIEW OF FACTORS AFFECT- 
ING DIQUAT FOR AQUATIC USE, 
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IN: Environmental Management of Water 
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p 95-107, 53 ref. 
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Diquat is a quaternary salt of 4,4’-dipyridyl formu- 
lated as the dichloride or dibromide salts. Since the 
discovery of its herbicidal properties in the late 
1950s, diquat has been used widely for the control 
of a broad spectrum of aquatic vegetation. Diquat 
compounds used as herbicides are diquat dibro- 
mide and diquat dichloride. Diquat dibromide is 
very soluble in water, slightly soluble in alcoholic 
and hydroxylic solvents, and practically insoluble 
in nonpolar organic solvents. It is essentially lipid 
insoluble and is stable in acid or neutral solutions 
and unstable under alkaline conditions. Commer- 
cial diquat formulations contain a corrosion inhibi- 
tor and a buffer. Diquat is adsorbed on soils by 
exchange reactions up to the cation exchange ca- 
pacity of the soil, and the adsorption is essentially 
irreversible in montmorillonitic clays, but partially 
reversible in kaolinitic clays. Apparently, only a 
small portion of applied diquat is absorbed by 
aquatic weeds, and little translocation of diquat 
occurs. Ultraviolet light rapidly degrades diquat in 
aqueous solution. Diquat resists biological degrada- 
tion in aquatic environments, but the presence of 
sorbents in the water in the form of particulate 
matter greatly influences diquat persistence in the 
aquatic environment. (See also W89-01990) (Lantz- 
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TECHNICAL REVIEW OF THE FACTORS AF- 
FECTING AQUATIC USE OF DICHLOBENIL, 
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ligatorweed. 


Dichlobenil is the common name for 2,6-dichloro- 
benzonitrile. It is used as a herbicide for control- 
ling aquatic plants in lakes, ponds, ditches, and to 
some extent in flowing water. The herbicidal activ- 
ity of dichlobenil is characterized by a powerful 
inhibition of plant growth. The herbicide is not 
acutely toxic to fish at concentrations generally 
used for weed control. The range of LD sub 50 is 
10 to 20 ppm for pumpkin seed (Lepomis gibbo- 
sus), bluegill (L. macrochirus), redear sunfish (L. 
microlophus), and largemouth bass (Micopteris sal- 
moides). There are no known adverse effects on 
wildlife mammals at the rates used for weed con- 
trol. Dichlobenil should not be used if the air 
temperature is expected to go above 70 F within a 
week. It is long lasting at low and moderate tem- 
peratures, and seeding or transplanting in treated 


soil should be delayed for 24 months after treat- 
ment. Dichlobenil (Casoron G-10) granules should 
be applied at a rate 7 to 10 Ib ai(70 to 100 Ib G-10)/ 
surface A in the early spring before weeds start 
growing. Weeds controlled are Elodea, northern 
watermilfoil, naiad, Chara, pondweeds (Potamoge- 
ton spp.), and alligatorweed (Alternanthera philox- 
eroides). (See also W89-01990) (Lantz-PTT) 
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STRATEGIES FOR AQUATIC VEGETATION 
MANAGEMENT, 
ee Protection Agency, Washington, 
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IN: Environmental Management of Water 
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Aquatic vegetation consists of vascular plants 
which grow emergent in marshes and along shore- 
lines, which float on the surface of water as indi- 
vidual plants or as tangled mats, and which are 
submersed except in some cases for floating leaves. 
In general, the fact that these plants are more 
likely to reproduce asexually rather than sexually 
is controlled in part by the amount of light and 
distribution or abundance. Nutrients are less likely 
to be limiting. Although chemical control is the 
most practical strategy, biological and physical 
methods are frequently preferred for the benefits 
to fish and waterfowl. Then, integrated weed man- 
agement principles should be used to reduce the 
‘density’. (See also W89-01990) (Author’s abstract) 
W89-02001 


4B. Groundwater Management 


LONG-RANGE PLANNING AND PRIORITY 
AREAS OF GROUNDWATER MANAGEMENT, 
Soil Conservation Service, Centreville, MI. 

For primary bibliographic entry see Field 6B. 
W89-02222 


QUANTIFICATION OF GROUNDWATER RE- 
CHARGE IN ARID REGIONS: A PRACTICAL 
VIEW FOR RESOURCE DEVELOPMENT AND 
MANAGEMENT, 

British Geological Survey, Wallingford (England). 
For primary bibliographic entry see Field 2F. 
W89-02243 


4C. Effects On Water Of 
Man’s Non-Water 
Activities 


NITRATE CONTENT IN FRACTURE ZONE 
GROUNDWATER IN THE HUMID TROPICS 
AS RELATED TO DEFORESTATION (LA 
TENEUR EN NITRATES DES NPPES DE 
FSSURES DE LA ZONE TROPICALE HUMIDE 
EN RELATION AVEC LES PROBLEMES DE 
DEFORESTATION). 

Montpellier-2 Univ. (France). Lab. d’Hydrogeolo- 


FS. Faillat, and A. Rambaud. 

Comptes Rendus de Be agg des Sciences 
(Series 2) CHDCAQ, Vol. 306, No. 15, p 1115- 
1120, April 21 1988. Vig, 1 16 ref. English summary. 


Descriptors: *Groundwater pollution, *Aquifers, 
*Nitrates, *Forest management, *Deforestation, 
Tropical regions, Wells, Groundwater. 


High nitrate contents (up to 200 mg/l) have been 
observed in wells drilled in fractured aquifers lying 
beneath thick layers of weathered and decayed 
rock, in West Africa where annual rainfall is over 
1000 mm and where there is no notable pollution. 
An attempt was made to find the source of this ion 
by examining the amounts in various parts of the 





Field 4—WATER QUANTITY MANAGEMENT AND CONTROL 


Group 4C—Effects On Water Of Man's Non-Water Activities 


ee. The first ~~ was statistical processing of 
all the analyses available (230) using reduced, cen- 
tered principal-component analysis of bicarbonate, 
chlorine, nitrate, and sulfate ions. Fifty-six percent 
of boreholes in the Bongouanou area had nitrate 
contents of over 0.1 meg per 1, whereas the high- 
est figure in the other areas was 26%. The propor- 
tion of villages with nitrate contents of over 0.1 
meg per | was counted. The fact that these villages 
were most frequently in the Bongouanou region, 
the only one to be entirely in a forest area, led to 
connecting deforestation with the presence of ni- 
trates. When land is cleared for villages and fields, 
plant wastes, which may subsequently be burned, 
and humus as well, are amassed. Non-deforested 
areas are also disturbed by the tracing of footpaths, 
wood collection, and domestic animals. Although 
runoff, fixation in the soil, and denitrification make 
it difficult to measure nitrogen which becomes 
nitrified or which reaches groundwater in the form 
of nitrate, it is certain that a significant proportion 
must reach underground water and contribute to 
the abnormally-high nitrate levels observed, more 
common in forest areas, and to their irregular 
distribution. It is therefore perfectly logical to at- 
tribute inflow of nitrogen in groundwater in frac- 
tured rock mainly to anthropic deforestation. 
(Sand-PTT) 

W89-01309 


ORIGIN AND INFLUENCE OF COAL MINE 
DRAINAGE ON STREAMS OF THE UNITED 
STATES, 

Geological Survey, Richmond, VA. 

For primary bibliographic entry see Field 5B. 
W89-01315 


CONFLICTS BETWEEN WETLAND CONSER- 
VATION AND GROUNDWATER EXPLOITA- 
TION: TWO CASE HISTORIES IN SPAIN, 
Universidad Complutense de Madrid (Spain). 
Dept. of Geodynamics. 

For primary bibliographic entry see Field 2H. 
W89-01319 


USE OF RADIOMETRIC (CS-137, PB-210), 
GEOMORPHIC, AND STRATIGRAPHIC 
TECHNIQUES TO DATE RECENT OXBOW 
SEDIMENTS IN THE RIO PUERCO DRAIN- 
AGE GRANTS URANIUM REGION, NEW 
MEXICO, 

New Mexico Inst. of Mining and Technology, 
Socorro. Dept. of Chemistry. 

C. J. Popp, J. W. Hawley, D. W. Love, and M. 
Dehn. 

Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 3, p 253-269, June 1988. 9 
fig, 3 tab, 48 ref. Office of Surface Mining, Depart- 
ment of the Interior, Projects G1115352 and 
G105041. 


Descriptors: *Environmental impact, *Sedimenta- 
tion, *Silting, *Radioactive dating, *Geomorpho- 
logy, *Stratigraphy, *Uranium mines, Oxbows, Ra- 
dionuclides, Cesium radioisotopes, Lead radioiso- 
topes, Heavy metals, Grants uranium region, New 
Mexico, Sediments, Streams. 


In the absence of historic geochemical baseline 
data for the Grants uranium region, environmental 
changes resulting from uranium mine-mill activities 
can be determined only by indirect methods. A 
methodology for determining the age of recent 
sediments in streams draining the region has been 
established based on combined geomorphic, strati- 
graphic, and radiometric dating techniques. Be- 
cause clay-rich sediments retain possible radionu- 
clides and heavy metals derived from mineraliza- 
tion and mined sources, sample sites which contain 
fine-grained deposits that both predate and post- 
date mine-mill activity were located in abandoned- 
channel segments (oxbows) of major streams drain- 
ing the eastern Grants uranium region. Aerial pho- 
—_ (and derivative maps) taken between 
1935-71 provided the historical and geomorphic 
documentation of approximate dates of oxbow for- 
mation and ages of alluvial fills in the abandoned- 
channel segments. Pits were dug at these oxbow 
sites to determine stratigraphy and composition of 
the deposits. Samples were subjected to radiomet- 


ric analysis by gamma ray spectrometry for the 
artificial radionuclide Cs-137 and the natural radio- 
nuclide Pb-210 as well as other U-238 and Th-232 
daughters. Because of the dynamic nature of the 
system, absolute dating with Cs-137 was not possi- 
ble but samples could be dated as either pre-1950 
or post-1950. The 1950 date is important because it 
marked the beginning of the uranium exploitation 
in the region. The Pb-210 dating was not possible 
because background Pb-210 was very high relative 
to fallout Pb-210. (Author’s abstract) 

W89-01320 


DECLINE IN THE SUSPENDED LOAD OF 
THE LOWER MISSISSIPPI RIVER AND ITS 
INFLUENCE ON ADJACENT WETLANDS, 
Louisiana State Univ., Baton Rouge. Dept. of Ge- 
ography and Anthropology. 

R. H. Kesel. 

Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 3, p 271-281, June 1988. 11 
fig, 6 tab, 23 ref. 


Descriptors: *Land use, *Mississippi delta, *Wet- 
lands, *Suspended load, *Sediment discharge, 
*Levees, *Reservoirs, *Construction programs, 
Navigation, Deltas, Louisiana, Rivers, Geomor- 
phology. 


Since 1850, there has been an overall decrease in 
excess of 70% in the suspended load transported 
by the lower Mississippi River. A decrease of 25% 
between the earliest measurements and 1950 may 
be partly the result of a decline in discharge and 
partly the result of a change in land use practices. 
The largest decrease occurred in 1952-53 following 
construction of major main-stem reservoirs on the 
Missouri River. Similar construction on the Arkan- 
sas River has resulted in a further decrease in 1962- 
63. The decrease in suspended load, combined with 
the artificial levee construction program and the 
overall enhancement of the river channel for navi- 
gation has been accompanied by an accelerating 
decline in land area of the Louisiana coastal zone 
from 17 sq km/yr in 1913 to 102 sq km/yr in 1980. 
(Author’s abstract) 

W89-01321 


EARTHQUAKES, INJECTION WELLS, AND 
THE PERRY NUCLEAR POWER PLANT, 
CLEVELAND, OHIO, 

Ohio Univ., Athens. Dept. of Geological Sciences. 
For primary bibliographic entry see Field 8E. 
W89-01335 


LESSONS FROM EIA FOR BICOL RIVER DE- 
VELOPMENT IN PHILIPPINES, 

Philippines Univ. at Los Banos. Coll. of Engineer- 
ing and Agro-Industrial Tech. 

For primary bibliographic entry see Field 6G. 
W89-01367 


URBAN GROWTH AND WATER BORNE DIS- 
EASES IN IBADAN, 

Nigerian Inst. of Social and Economic Research, 
Ibadan. 

For primary bibliographic entry see Field 5B. 
W89-01433 


URBAN RUNOFF AND COMBINED SEWER 
OVERFLOW, 

Calocerinos and Spina, Liverpool, NY. 

For primary bibliographic entry see Field 5B. 
W89-01481 


RECENT DEVELOPMENTS IN THE LAW OF 
THE SEA 1986, 

For primary bibliographic entry see Field 6E. 
W89-01518 


SAND _ RIGHTS: USING CALIFORNIA’S 
PUBLIC TRUST DOCTRINE TO PROTECT 
AGAINST COASTAL EROSION, 

For primary bibliographic entry see Field 6E. 
W89-01519 


HISTORY OF COWEETA, 

Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

J. E. Douglass, and M. D. Hoover. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 17-31, 2 fig, append. 


Descriptors: *Forest hydrology, *Coweeta, 
*North Carolina, *Resource development, *Re- 
search facilities, *Ecological effects, Research pri- 
orities, Forest watersheds, Ecosystems, Agricul- 
ture, Water resources development. 


To understand the origin and development of 50 
years of research at Coweeta, one must understand 
something of the social, economic, and political 
circumstances as these changed through time. It 
was concern about soil erosion, flood control, and 
sustained flow of streams as well as future timber 
supplies that led to establishment of the first forest 
reserves (soon to become national forests) from the 
public domain lands of the West. The role of the 
forest in regulating the flow of navigable streams 
was the constitutional basis for the Weeks Act of 
1911. This act allowed the Federal government to 
purchase private lands for national forest in the 
East. At the time there was considerable debate 
about the influence of forests upon regulation of 
streamflow and flooding. Following the govern- 
ment’s purchase of Coweeta in 1931, by June 1936, 
19 km of roads and 38 km of trails, 16 stream 
gages, the hydraulic testing station, a 60-gage net- 
work for measuring precipitation, 4 groundwater 
wells, 3 log cabins, a shop, a nursery, 10 weather 
stations, and a 1.4 kw powerplant had been built. 
Manpower from the various relief projects in- 
creased from 74 man months in 1934 to 732 in 
1935, to almost 2000 in 1936. By 1939, 25 weirs 
were operating, 18 on unit watersheds up to 140 ha 
in size and 7 on larger streams containing one or 
more unit watersheds. Enough records were avail- 
able by the fall of 1939 to begin tests of the effects 
of changing watershed cover on three watersheds. 
During the winter of 1939 to 1940, a 9-ha water- 
shed (WS 3) was cleared to be used for a cornfield 
and pasture; on a 16-ha watershed (WS 13) all trees 
were felled but soil was not disturbed in order to 
determine the amount of water used in transpira- 
tion; and a 58-ha watershed (WS 7) was fenced to 
measure the consequences of grazing cattle in 
woodlands. oo studies, built upon this 
early research, further emphasized the effects that 
man’s development of the land, and encroachment 
on forested acres would have on the overall forest 
ecosystem. (See also W89-01691) (Lantz-PTT) 
W89-01693 


CHANGES IN SOIL NITROGEN POOLS AND 
TRANSFORMATIONS FOLLOWING FOREST 
CLEARCUTTING, 

Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

J. B. Waide, W. H. Caskey, R. L. Todd, and L. R. 
Boring. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 221-232, 5 tab. 


Descriptors: *Nitrogen, *Soil chemistry, *Clear- 
cutting, *Soil water, *Forest hydrology, Ecologi- 
cal effects, Drainage water, Nutrients, Nitrifica- 
tion, Heterotrophic bacteria, Denitrification. 


Together with data on N export in drainage waters 
and N cycling through vegetation pools, results 
reported poo an integrated picture of changes 
in forest N cycling processes on watershed 7 (WS 
7) following clear-cutting. Soil organic matter and 
nitrogen pools increased (20 to 70%) immediately 
following forest removal. ionately larger 
increases (20 to 50%) in mineral N pools were also 
observed. These increases in available mineral N 
may be attributed to slight increases in soil N 
mineralization (about 25%, or | to 3 gm N/sq m/ 
yr), substantial increases in nitrification (about 
200%, or 3 to 5 g N/sq m/yr), and reductions in 
general soil heterotrophic activity and plant N 
uptake in the first few years after logging. In- 
creases in both symbiotic (1 to 3 g N/sq m/yr) and 
free-living (1 g/sq m/yr) fixation also added addi- 





tional N to soil pools. Only small fractions of these 
increases in available soil N were exported from 
WS 7 in drainage waters (ca. 0.1 g a a) 
Small increases of unknown magnitude in N losses 
via denitrification also occurred. But, the majority 
of these increased soil mineral N supplies were 
retained on site and recycled through rapidly re- 
growing early successional vegetation pools. 
Larger fractions of this vegetation uptake of N 
cycled through labile leaf tissues (rather than being 
stored in wood) than was the case in control 
forests. Subsequent increases in soil heterotroph 
activity, associated with the recovery of the forest 
canopy and the modernization of harsh soil mi- 
croenvironments, probably provided a secondary 
sink of N immobilization, stimulated by large C 
pools in decaying logging residues. (See also W89- 
01691) (Lantz-PTT) 

W89-01701 


EFFECTS OF WATERSHED DISTURBANCE 
ON STREAM SESTON CHARACTERISTICS, 
Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Biology. 

J. R. Webster, E. F. Benfield, S. W. Golladay, R. 
F. Kazmierczak, and W. B. Perry. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 279-294, 4 fig, 9 tab. 


Descriptors: *Watersheds, *Environmental effects, 
*Seston, *Streams, *Forest hydrology, Debris, 
Turbidity, Ecological effects, Organic matter, 
Long-term effects, Logging. 


Watershed disturbances increased seston concen- 
trations in streams at the Coweeta Hydrologic 
Station in North Carolina. Concentrations of both 
organic and inorganic materials are increased; 
however, since the inorganic fraction increases 
more, the percent ash of seston carried by streams 
draining disturbed watersheds is higher. In addi- 
tion, the particles are generally larger and have 
higher density and fall velocity. Depending on the 
nature of the disturbance, effects on seston concen- 
tration and composition may be seen for 30 to 40 
years following disturbance. For commercially 
logged watersheds, increases in particulate inor- 
ganic materials might be explained as the transport 
of sediment that entered the stream during logging. 
Seventeen years after disturbance, watershed 6 
(WS 6) carries very high concentration os seston. 
This is correlated with the absence of woody 
debris in this stream. For more than 40 years, there 
has been little input of wood to this channel; most 
old wood has decayed, and there is little to stabi- 
lize the stream bed. A similar situation exists on 
watershed 13 (WS 13), except that some slash was 
left in the stream during the original clear-cutting 
and a few of the older logs remain in the channel. 
Based on the studies conducted at Coweeta, it is 
assumed that much of the seston in reference 
‘streams results from biological processing of al- 
lochthonous inputs. Results suggest that more of 
the seston collected from disturbed watersheds is 
produced by physical forces. Since samples were 
taken during baseflow periods, the results probably 
minimize effects of disturbance. Samples taken 
during storms would probably show much greater 
differences. Seston carried by small streams even- 
tually reaches larger streams, and can significantly 
affect the turbidity and invertebrate community of 
a — receiving stream. Seston is also an impor- 
tant food resource for many filter feeding inverte- 
brates. The less organic-rich seston of disturbed 
streams is probably lower quality food than is the 
seston from the undisturbed streams. Also, because 
of its higher density and fall velocity, seston from 
distur! streams is probably lower quality food 
than is the seston from the undisturbed streams. 
awe (Lantz-PTT) 


STREAMFLOW CHANGES ASSOCIATED 
WITH FOREST CUTTING, SPECIES CONVER- 
SIONS, AND NATURAL DISTURBANCES, 
Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

W. T. Swank, L. W. Swift, and J. E. Douglass. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 


WATER QUANTITY MANAGEMENT AND CONTROL—Field 4 


Effects On Water Of Man’s Non-Water Activities—Group 4C 


New York. 1988. p 297-312, 10 fig, 5 tab. 


Descriptors: *Streamflow, “Ecological effects, 

*Logging, *Coweeta, *North Carolina, *Forest 

hydrology, Forest watersheds, Revegetation, Eva- 
transpiration, Species diversity, Water yield, 
ardwood, Pine trees. 


Long-term streamflow records for control and ex- 
perimental forested watersheds at Coweeta pro- 
vide a solid foundation for evaluating hydrologic 
responses to vegetation management. Results from 
these experiments and those elsewhere in the Ap- 
palachian Highlands provide equations for predict- 
ing changes in annual water yield following cut- 
ting and regrowth of hardwood forests. Only two 
parameters, proportion of the stand basal area cut 
and potential insolation of the watershed are 
needed to solve these equations. Increases are pro- 
duced in most months, with about a 100% increase 
during the low flow months when water demands 
are usually high. The recovery of streamflow to 
preharvest levels associated with hardwood re- 
growth shows the interactions between Et evapo- 
transpiration (Et), stand dynamics, and watershed 
physical characteristics. Experiments indicate that 
commercial clear-cutting, with carefully located 
and designed roads, produce only small and ac- 
ceptable (about 15%) increases in mean stormflow 
volumes and peak flow rates. Natural alteration of 
vegetation such as insect defoliation can also influ- 
ence water yield by stimulating leaf production 
and increasing evapotranspiration, thus reducing 
winter streamflow by 7 to 18%. Other long-term 
experiments show the striking dependence of 
streamflow volume on type of vegetative cover. 
Within 25 years, hardwood to white pine conver- 
sion reduces annual flow by 25 cm and produces 
significant reductions in every month of the year. 
Greater Et for pine is due to a higher leaf area 
index for pine compared to hardwoods, hence, 
greater interception and transpiration by pine. 
Hardwood to grass conversion also alters stream- 
flow depending upon grass productivity. There is 
no significant change in flow with a vigorous grass 
cover, but as grass productivity declines stream- 
flow increases. Evapotranspiration from a luxuri- 
ant herbaceous cover is slightly lower than in 
mature hardwoods, but later in succession with a 
mixture of hardwoods, grass, and herbs, Et is 
equivalent to hardwoods. (See also W89-01691) 
(Lantz-PTT) 

W89-01706 


FOREST ACCESS ROADS: DESIGN, MAINTE- 
NANCE, AND SOIL LOSS, 

Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

L. W. Swift. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 313-324, 4 fig. 


Descriptors: *Forests, *Roads, *Soil loss, *North 
Carolina, *Coweeta, Road construction, Design 
standards, Erosion, Gravel, Grading, Erosion con- 
trol. 


The design and construction of, and soil loss from, 
forest roads have been continuing areas of research 
and demonstration by the Southeastern Forest Ex- 
periment Station since Coweeta Hydrologic Labo- 
ratory was established. The low-cost, low-mainte- 
nance intermittent-use road pioneered by Coweeta 
is widely accepted and adapted to local conditions 
by government and industry land managers, and 
strongly recommended by state agencies with the 
aim of reducing sediment, the principal nonpoint 
source of pollution from forestry activities. Several 
principles can be drawn from the Coweeta studies. 
An inexpensive design and field layout procedure 
can produce a serviceable environmentally 
acceptable road. The most effective road system 
results from a transportation plan developed to 
serve an entire basin rather than he sum of individ- 
ual road projects constructed to serve short-term 
needs. Soil exposed by construction should be re- 
vegetated quickly. Where possible, storm waters 
should be removed from the road at frequent inter- 
vals and in small amounts by — and dips, 
rather than by consolidation into ditch-lines and 
culverts. Contour roads and gentle grades require 
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less maintenance and produce less sediment. 
Gravel surfacing is best, but a grassed roadbed is 
good where traffic is light and can be controlled to 
exclude use in wet weather. If only a small quanti- 
ty of gravel is available, it should be applied on 
climbing grades, poor trafficability soils, in dips, 
and near stream crossings. The stream crossing is 
the most critical part of the entire road, and every 
effort should be made to protect and vegetate fill 
slopes and divert storm waters on the road away 
from the stream. Filter strips and brush barriers 
prevent sediment from reaching streams. Unneces- 
sary maintenance must be avoided. (See also W89- 
01691) (Lantz-PTT) 

W89-01707 


STREAM CHEMISTRY RESPONSES TO DIS- 
TURBANCE, 

Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydrologic Lab. 

W. T. Swank. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 339-357, 6 fig, 6 tab. 


Descriptors: *Stream chemistry, *Logging, *Eco- 
logical effects, *Water chemistry, *Forest hydrolo- 
gy, Clear-cutting, Water quality, Nitrates, Nitro- 
gen, Forest watersheds, Evapotranspiration, Eco- 
systems, Insects. 


Long-term measurements of dissolved inorganic 
constituents of streams draining disturbed water- 
sheds have been made at Coweeta. Disturbances 
include commercial selection cutting, commercial 
and noncommercial clear-cutting, conversion of 
mixed hardwoods to white pine and grass covers, 
agricultural cropping, and natural disturbances 
comprised of insect outbreaks. Initiation of stream 
chemistry studies postdate most watershed treat- 
ments and represent conditions at varying periods 
of time since disturbance. Taken together, the re- 
sponses in stream chemistry to forest disturbances 
can be summarized by the following points: (1) 
Over the period of observation beginning in 1972, 
none of the disturbances produced nutrient con- 
centrations that would have an adverse impact on 
water quality for municipalities or downstream 
fisheries. (2) Compared to other forested regions of 
the United States, increases in nutrient disturb- 
ances. (3) Nitrate-N is a sensitive indicator of forest 
disturbance and although concentrations are quite 
low (<0.2 mg/L), elevated levels in streams drain- 
ing clearcuts appear to persist for at least 20 years 
after cutting. (4) Comparisons of annual nutrient 
input and output budgets for control versus dis- 
turbed watersheds illustrate the importance of eva- 
potranspiration (Et) processes in regulating biogeo- 
chemical cycles. (5) Budget data, combined with 
process research, also demonstrate the importance 
of biological processes in nutrient retention and 
loss from forest ecosystems. Decomposition, net 
primary production, and uptake and storage of 
nutrients in successional vegetation are important 
factors that regulate the magnitude and timing of 
nutrient exports. (6) Outbreak infestations of two 
different insects provide evidence for insect regula- 
tion of nutrient recycling and at an ecosystem 
leveled as revealed by changes stream chemistry. 
(See also W89-01691) (Lantz-PTT) 

W89-01709 


METHOD FOR TREATMENT OF DATA FROM 
THE FLOW \CREMENT. 


INSTREAM ‘AL 
METHODOLOGY FOR INSTREAM FLOW DE- 
TERMINATION, 
= State Div. of Wildlife Resources, Salt Lake 

ty. 
W. H. Geer. 
IN: Regulated Streams: Advances in Ecology. 
Plenum _— New York, 1987. p 1-25, 5 fig, 15 
tab, 5 ref. 


Descriptors: *Data interpretation, *Instream flow, 
*Streamflow, *Trout, *Ecological effects, In- 
stream flow incremental methodology, Mathemati- 
cal studies, Aquatic habitats, Utah, Case studies, 
Hydroelectric plants. 





Field 4—WATER QUANTITY MANAGEMENT AND CONTROL 


Group 4C—Effects On Water Of Man’s Non-Water Activities 


The alteration of streamflow regimes is a major 
cause of degradation of western U.S. trout streams, 
and several instream flow needs methodologies 
have been developed to determine both the im- 
pacts of streamflow alteration and the streamflow 
regimes necessary for fishery protection. Perhaps 
the most widely used is the Instream Flow Incre- 
mental Methodology (IFIM) of the U.S. Fish and 
Wildlife Service. This paper gives stepwise proce- 
dures of IFIM data analysis that lead different 
analysts to similar conclusions on both the impacts 
of streamflow alteration and streamflow needs. 
They mathematically incorporate specific aquatic 
habitat management goals and express the effects 
of selected streamflow regimes as percentages of a 
calculated optimum habitat condition for the sub- 
ject stream. The procedures permit the comparison 
of altered streamflow regimes to historical condi- 
tions and to stream habitat potential. Analytical 
procedures are demonstrated on actual IFIM data 
used to assess the fishery impacts of a proposed 
hydroelectric power project in northern Utah. (See 
also W89-01736) (Lantz-PTT) 

W89-01737 


IDAHO HABITAT EVALUATION FOR OFF- 
SITE MITIGATION RECORD: ANNUAL 
REPORT 1985, 

Idaho Dept. of Fish and Game, Boise. 

For primary bibliographic entry see Field 2H. 
W89-01777 


DETROIT RIVER, MICHIGAN: AN ECOLOGI- 
CAL PROFILE, 

Fish and Wildlife Service, Ann Arbor, MI. Great 
Lakes Fishery Lab. 

For primary bibliographic entry see Field 2H. 
W89-01806 


REPORT OF THE FLATHEAD RIVER INTER- 
NATIONAL STUDY BOARD. 

International Joint Commission-United States and 
Canada, Columbus, OH. 

July 1988. 235p, 10 fig, 19 tab, 69 ref, 9 append. 


Descriptors: *Environmental effects, *Flathead 
River, *Coal mining, Water quality, Water quanti- 
ty, Recreation, Fishing, Turbidity, Sedimentation, 
Nitrogen compounds. 


In February 1984, the British Columbia govern- 
ment granted Sage Creek Coal Limited approval- 
in-principal for a 2.2 million tonnes (2.4 million 
tons) per year thermal coal mine located 10 km 
upstream from the International Boundary on 
Howell and Cabin Creeks, tributaries of the Flat- 
head River. The mine plan is based on 21 years of 
mining at this rate. Coal reserves, however, exist 
for a further 20 years of mining at the same rate. 
The effects of the mine on Cabin and Howell 
Creeks at and immediately downstream of the 
mine site are difficult to predict because of the 
complex interrelationships between surface and 
groundwater hydrology. In the premining phase, 
there is a potential for increased flow in these 
creeks during freshet due to land clearing, and 
reduced flows during base flow periods due to 
decreased groundwater discharge. During the 
early phases of mining, net flows in these creeks 
are expected to change < 10% due to the counter- 
balancing of increases from groundwater infiltra- 
tion and decreases in surface flows due to diversion 
into the Flathead River. In the later stages of 
mining, once the pits extend below the valley 
floor, there is a omway sad of reversals in ground- 
water flows resulting in loss of water from Howell 
and Cabin creeks to the pits. The effects of sedi- 
mentation, turbidity, temperature, nutrients and 
toxic compounds of nitrogen on water quality are 
addressed. The Board concludes that the mine 
would have a detrimental impact on the benthic 
macroinvertebrate populations within the mine 
site. There will also be some adverse effects on 
species closely associated with riparian habitats 
due to a reduction in the food base for some 
riparian animals. These effects may extend to the 
International Boundary. Impacts of the mine on 
water uses, includes effects on fishing, and/or 
other recreational activities. (See Also W89-01809) 
(Lantz-PTT) 


W89-01808 


SUPPLEMENTARY REPORT OF THE FLAT- 
HEAD RIVER INTERNATIONAL STUDY 
BOARD. 

International Joint Commission-United States and 
Canada, Columbus, OH. 

For primary bibliographic entry see Field 5G. 
W89-01809 


LONG-TERM IMPACTS OF AGRICULTURAL 
RUNOFF IN A LOUISIANA SWAMP FOREST, 
Louisiana State Univ., Baton Rouge. Center for 
Wetland Resources. 

J. W. Day, and G. P. Kemp. 

IN: Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. Van Nostrand 
Reinhold Company, New York. 1985. p 317-326, 3 
fig, 1 tab, 20 ref. Louisiana Water Resources Re- 
search Institute Grant A-043-2A. 


Descriptors: *Agricultural runoff, *Water pollu- 
tion effects, *Louisiana, *Swamps, *Wetlands, Ni- 
trogen, Phosphorus, Agriculture, Nutrients, Deni- 
trification, Path of pollutants, Dissolved oxygen, 
Phosphates. 


A summary of a two-year research project on the 
dynamics of nutrient retention and release in a 
swamp receiving upland runoff is presented. The 
central objective was to estimate the capacity of 
this type of wetland for removing nutrients from 
upland runoff. The role of redox in determining 
floodwater nutrient concentrations, both in the 
field and in laboratory microcosms is examined, 
along with testing the hypothesis that water qual- 
ity deterioration in the region can be directly relat- 
ed to the cessation of overland water processing 
formerly performed by the swamp. Under over- 
land flow conditions, the swamp can remove sig- 
nificant amounts of incoming nutrients: 21% of 
total N and 41% of total P were retained in the 
swamp. Practically all of the removal takes place 
because of the settling of particulate N and p. For 
two reasons, it is not likely that the swamp will 
become saturated with N and P. First, the results 
indicate that denitrification is a significant pathway 
for the permanent loss of N. Second, the swamp is 
subsiding at a significant rate. In spite of nutrient 
retention in the swamp, significant amounts are still 
exported to swamp bayous and lakes. The swamp, 
however, acts as a buffer in time and composition, 
as, well as in concentration. Dissolved oxygen in 
the water column is the single most important 
factor determining sediment-water exchange of 
PO4. (See also W89-01827) (Lantz-PTT) 
W89-01848 


EVALUATING RISKS OF GENETICALLY EN- 
GINEERED PRODUCTS UNDER THE TOXIC 
SUBSTANCES CONTROL ACT, 

Environmental Protection Agency, Washington, 
DC. Office of Pesticides and Toxic Substances. 
For primary bibliographic entry see Field 5C. 
W89-01906 


CONTRIBUTIONS OF URBAN ACTIVITIES 
TO TOXIC CONTAMINATION OF LARGE 


LAKES, 

KBN Engineering and Applied Sciences, Inc., 
Gainesville, FL. 

For primary bibliographic entry see Field 5B. 
W89-02157 


AGRICULTURE AND NATURAL RESOURCES: 
THE BROADENING HORIZON, 

Michigan State Univ., East Lansing. Coll. of Agri- 
culture and Natural Resources. 

For primary bibliographic entry see Field 6A. 
W89-02197 


PERSPECTIVE ON SOIL AND WATER CON- 
SERVATION AND AGRICULTURALLY RE- 
LATED GROUNDWATER CONTAMINATION, 
Soil Conservation Service, East Lansing, MI. 

H. R. Hilner. 

IN: Rural Groundwater Contamination. Lewis 


Publishers, Inc., Chelsea, Michigan, 1987. p 15-19. 


Descriptors: *Nonpoint pollution sources, *Soil 
conservation, *Water conservation, *Groundwater 
pollution, *Agriculture, Groundwater recharge, 
Information exchange, Aquifers, Groundwater 
quality, Animal wastes, Agricultural chemicals, 
Erosion control. 


Before livestock was concentrated in large num- 
bers on small areas, and before the widespread use 
of pesticides and chemical fertilizers, there was 
little potential for seriously contaminating rural 
groundwater from agricultural sources. With in- 
creased rural populations, concentrated livestock 
production operations, and extensive use of chemi- 
cals, including some relatively complex ones, con- 
servation measures must now be planned, designed 
and installed that will control potentially negative 
effects. Conservation systems for erosion control 
and animal waste management typically include 
measures to handle surface water. However, 
groundwater levels and quality are often also af- 
fected. More sophisticated information, education 
and technical assistance are needed by farmers and 
other land users to prevent contamination. Soil 
Conservation Service personnel and others that 
advise farmers must be provided with the capabil- 
ity to identify agriculturally related potential 
groundwater quality problems, sources and ways 
to evaluate alternative solutions. In the case of 
groundwater found to be currently seriously con- 
taminated, outside financial and technical assist- 
ance will likely be needed, especially when pollu- 
tion sources are unknown or financial resources of 
current surface owners are insufficient to conduct 
cleanup operations. Maps of vulnerable aquifer re- 
charge areas should be prepared and made readily 
accessible to conservationists and others advising 
the agricultural community. Consistent, current, 
comprehensive information on water resources 
from the surface down to all usable aquifers is 
needed statewide. In addition, having the capabil- 
ity to manipulate and evaluate the information is 
essential. Mathematical computer models which 
link soils, geology, surface and groundwater infor- 
mation will be necessary to handle the large 
volume of data. Efforts are underway in govern- 
ment agencies and academic institutions such as 
Michigan State University, the Michigan Depart- 
ment of Natural Resources and the Soil Conserva- 
tion Service to develop those tools and data. (See 
also W89-02196) (Lantz-PTT) 

W89-02198 


4D. Watershed Protection 


FOREST HYDROLOGY AND ECOLOGY AT 
COWEETA. 

For primary bibliographic entry see Field 2A. 
W89-01691 


BIOTECHNICAL SLOPE PROTECTION AND 

EROSION CONTROL, 

Michigan Univ., Ann Arbor. Dept. of Civil Engi- 

neering. 

D. H. Gray, and A. T. Leiser. 

on Nostrand Reinhold Co., New York. 1982. 
Ip. 


Descriptors: *Erosion control, *Slope protection, 
Vegetation, Retaining walls, Walls, Costs, Labor, 
Economic aspects, Shorelines, Case studies. 


The general principles and advantages of biotech- 
nical slope protection systems are discussed. Low- 
cost biotechnical measures, such as contour wat- 
tling, brush layering, live staking, and brush mat- 
ting, are described in detail. The use of slope 
plantings in conjunction with earth-retaining struc- 
tures is also discussed. This latter technique in- 
cludes plantings on slopes above low toe-walls, on 
benches of tiered retaining walls, and in the frontal 
interstices, or openings, of porous retaining struc- 
tures, such as crib walls, welded-wire walls, ga- 
bions, and cellular revetments. Low-cost, labor- 
skill intensive, and environmentally compatible 
methods of slope protection are completely as- 
sessed. The comparative costs of various vegeta- 
tive, structural, and biotechnical measures are 





clearly tabulated. Sueraninn these cost analy- 
ses are case studies that illustrate practical on-the- 
job applications of slope protection measures. 
These studies - backshore slope protection along a 
lakeshore, rehabilitation of slopes disturbed by 
timber harvesting operations, and cut slope stabili- 
zation along a highway - demonstrate the versatili- 
ty and effectiveness of biotechnical slope protec- 
tion. (Lantz- 

W89-01811 


5. WATER QUALITY 
MANAGEMENT AND 
PROTECTION 


5A. Identification Of Pollutants 


RECOMMENDED APPROACH TO THE EVAL- 
UATION OF THE ENVIRONMENTAL BEHAV- 
IOR OF PESTICIDES: IUPAC REPORTS ON 


PESTICIDES, NO. 24, 

CIBA-GEIGY A.G., Basel (Switzerland). Agricul- 
tural Div. 

H. O. Esser, R. J. Hemingway, W. Klein, D. B. 
Sharp, and J. W. Vonk. 

Pure and Applied Chemistry PACHAS, Vol. 60, 
No. 6, p 901-932, June 1988. 


Descriptors: *Water analysis, *Chemical analysis, 
*Pesticides, *Poliutants, *Path of pollutants, *Fate 
of pollutants, *Standards, Soil, Water, Hazard as- 
=— Population exposure, Environmental ef- 
fects. 


The International Union of Pure and Applied 
Chemistry, Applied Chemistry Division Commis- 
sion on Agrochemicals, describes concepts and 
experimental approaches for the rational testing of 
the fate of pesticides in soil, water, air, plants and 
animals. The stepwise test program presented is 
flexible, cost effective, and ensures that all aspects 
of a pesticides’s environmental fate are studied in 
sufficient detail. It also includes, at different stages 
of testing, the results that are relevant to the esti- 
mation of exposure to the pesticide, an essential 
element of the hazard assessment process concern- 
ing producers/applicators, consumers and the envi- 
ronment. (Author’s abstract). 

W89-01296 


CELL CULTURE SYSTEMS ARE MORE SEN- 
SITIVE THAN SACCHAROMYCES CEREVI- 
SIAE TESTS FOR ASSESSING THE TOXICITY 
OF AQUATIC POLLUTANTS, 

Shimane Prefectural Inst. of Public Health and 
Environmental Science, Matsue (Japan). 

K. Mochida, M. Gomyoda, T. Fujita, and K. 
Yamagata. 

Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 1, p 1-3, July 
1988. 1 tab, 13 ref. 


Descriptors: *Toxicity, *Bioassay, *Pollutants, 
*Water pollution, *Heavy metals, *Human cell 
culture, *Saccharomyces, Yeasts, Cadmium, Mer- 
cury, Nickel. 


Toxicity assays of aquatic pollutants (Cd, Hg, Ni) 
using human cell culture systems (KB, HEL-R66) 
and the yeast Saccharomyces cerevisiae test are 
reported. The 3 metals were highly toxic to both 
human cell lines, the 72-h ID50 (concentrations 
exhibiting a 50% inhibition in growth) values rang- 
ing from 3.1 to 120 micromolar. Cd was the most 
toxic and Ni the least. The same ranking toxicity 
was also obtained in the S. cerevisiae assay. The 
comparative data indicate that cell culture systems 
are more sensitive than the S. cerevisiae test for 
evaluating the toxicity of these 3 pollutants. The 
IDSO values can serve as a basis for evaluating the 
hazards of chemicals on aquatic environments. 


(Sand-PTT) 
W89-01297 


DETECTION OF DRILLING MUD-BASE OIL 
IN THE BILE OF TROUT, SALMO GAIRD- 
NERI, 

Department of Fisheries and Oceans, St. John’s 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Identification Of Pollutants—Group 5A 


(Newfoundland). Science Branch. 
For primary bibliographic entry see Field 5B. 
W89-01301 


NEW SELECTIVE AGAR MEDIUM FOR RE- 
COVERY OF STAPHYLOCOCCUS AUREUS IN 
WATERS (UTILISATION D’UN NOUVEAU 
MILIEU DE CULTURE SELECTIF POUR L’I- 
SOLEMENT DE STAPHYLOCOCCUS AUREUS 
DANS DIFFERENTS TYPES D’EAU), 

Montpellier-2 Univ. (France). Lab. d’Hydrogeolo- 


gie. 

P. Lebaron, and B. Baleux. 

Comptes Rendus de l’Academie des Sciences 
(Series 3) CHDDAT, Vol. 306, No. 10, p 317-320, 
March 14 1988. 8 ref. English summary. 


Descriptors: *Bacterial analysis, *Water analysis, 
*Staphylococcus, Culture media, Agars, Sewage 
bacteria. 


Different media available for recovering Staphylo- 
coccus aureus are not adapted for water analysis 
because of their low selectivity. A new medium is 
proposed which uses Baird Parker agar medium 
with sodium azide and is incubated at 37 C for 24 
h. Three kinds of waters are tested: the efficiency 
of this medium is higher for surface water using a 
modified technique of filtration. (Author’s abstract) 
W89-01310 


RADIOACTIVITY IN WATER SUPPLIES, 
For primary bibliographic entry see Field SF. 
W89-01352 


DETERMINATION OF TWENTY-ONE 
CHLOROANISOLES IN WATER AND SEDI- 
MENT SAMPLES, 

National Water Research Inst., Burlington (Ontar- 
io). Research and Applications Branch. 

H.-B. Lee. 

Journal - Association of Official Analytical Chem- 
ists JANCA2, Vol. 71, No. 4, p 803-807, July/ 
August 1988. 5 fig, 3 tab, 12 ref. 


Descriptors: *Chemical analysis, *Water analysis, 
*Pollutant identification, *Chloroanisoles, *Phen- 
ols, *Sediments, Chlorides, Path of pollutants, Lab- 
oratory equipment, Gas chromatography, Mass 
spectroscopy. 


A simple and sensitive method for the determina- 
tion of 19 chloroanisoles and 2 chloromethylani- 
soles was developed for water; another method 
was developed for sediment samples. Water sam- 
ples were extracted with dichloromethane; sedi- 
ments were extracted with a mixture of hexane and 
acetone in a Soxhlet apparatus. The extracts were 
concentrated on a Snyder column and then were 
cleaned up on an activated Florisil column. The 
anisoles were separated by either an OV-1 or SPB- 
5 capillary column and were detected by an elec- 
tron-capture of a mass selective detector. Recover- 
ies of chloroanisoles in fortified water and sedi- 
ment samples generally ranged between 70 and 
85%. The method detection limits were 0.02 mi- 
crograms/L and 0.002 micrograms/g for mono- 
and di-chloroanisoles in water and sediments and 
0.002 micrograms/L and better than 0.001 micro- 
grams/g for tri-, tetra-, and penta-chloroanisoles in 
those matrices. The electron-impact mass spectra 
of all chloroanisoles exhibited intense peaks for the 
molecular ions (M+), as well as (M-43)+ or (M- 
30)+ fragments. These masses were used as char- 
acteristic ions for quantitative and confirmation 
purposes. (Author’s abstract) 

W89-01377 


DIFFERENTIAL COURTSHIP ACTIVITY AND 
ALTERATIONS OF REPRODUCTIVE SUC- 
CESS OF COMPETING GUPPY MALES (POE- 
CILIA RETICULATA PETERS; PISCES: POE- 
CILIIDAE) AS AN INDICATOR FOR LOW 
CONCENTRATIONS OF AQUATIC POLLUT- 


Gesellschaft fuer Strahlen- und Umweltforschung 
m.b.H. Muenchen, Neuherberg (Germany, F.R.). 
J. H. Schroeder, and K. Peters. 

Bulletin of Environmental Contamination and 


Toxicology BECTA6, Vol. 41, No. 3, p 385-390, 
September 1988. 1 fig, 3 tab, 11 ref. 


Descriptors: *Reproduction, *Guppies, *Court- 
ship, *Bioindicators, *Bioassay, *Wastewater pol- 
lution, Sublethal effects, Water pollution effects, 
Genetics, Pollutant identification. 


Differential courtship activity of guppy males 
competing for the same females were used as a 
bioindicator for low concentrations of water-borne 
pollutants in a previous study. It has been predict- 
ed that the decrease in mean differential courtship 
after exposure to aquatic contaminants causes a 
corresponding change in the relative reproductive 
success. However, this prediction could not be 
tested in the previous study because only gravid 
females were used. The present study completed 
the previous one by repeating the experiment with 
a 10% addition of wastewater drawn from the last 
clearing basin of a Munich purification plant, this 
time using virgin (non-inseminated) females which 
were receptive to male courtship. The females 
subsequently were allowed to produce as many 
offspring as possible. The number of young gup- 
pies sired by individual male competitors could 
easily be traced by the use of sex-linked phenoty- 
pic color patterns as markers. The two T-chromo- 
somal marker genes were labeled Ma and Ir. Apart 
from both frequency and duration of the courtship 
activities of Ir males, all differences between con- 
trols and 10% wastewater treatment groups were 
found to be significant. As far as Ma males are 
concerned, all activities were significantly 
changed. The higher reproductive success of Ma 
males exposed to wastewater is due to the higher 
courtship activities of those males relative to the Ir 
competitors. (VerNooy-PTT) 

W89-01395 


TREATING INDUSTRIAL PLANT 
WASTEWATER: MEETING TODAY’S COM- 
PLIANCE CHALLENGES, 

BCM Engineers, Mobile, AL. 

For primary bibliographic entry see Field 5D. 
W89-01400 


ENVIRONMENTAL ANALYSIS USING AN 
ENERGY-DISPERSIVE X-RAY FLUORES- 
CENCE ANALYZER, 

HNU Systems, Inc., Newton, MA. 

For primary bibliographic entry see Field 7B. 
W89-01439 


LOW LEVELS OF COPPER AND LEAD IN A 
HIGHLY INDUSTRIALIZED RIVER, 
International Lab. of Marine Radioactivity, 
Monaco-Ville (Monaco). 

For primary bibliographic entry see Field 7B. 
W89-01442 


ARSENIC SPECIATION AND QUALITY OF 
GROUNDWATER IN A LEAD-ZINC MINE, 
IDAHO, 

Idaho Univ., Moscow. Dept. of Chemistry. 

For primary bibliographic entry see Field 5B. 
W89-01456 


EVALUATION OF DIRECT MICROSCOPICAL 
COUNTS AND ENDOTOXIN MEASURE- 
MENTS AS ALTERNATIVES FOR TOTAL 
PLATE COUNTS, 

Kongelige Veterinaer- og Landbohoejskole, Co- 
penhagen (Denmark). Inst. of Veterinary Microbi- 
ology and Hygiene. 

E. Korsholm, and H. Sogaard. 

Water Research WATRAG, Vol. 22, No. 6, p 783- 
788, June 1988. 4 fig, 4 tab, 21 ref. 


Descriptors: *Water analysis, *Bacterial analysis, 
*Pollutant identification, *Drinking water, 
*Toxins, *Endotoxins, Acridine orange, Compari- 
son studies, Biomass, Fluorescence, Limulus amoe- 
bocyte lysate test, Lipopolysaccharides, Variabili- 
ty, Statistics. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5A—lIdentification Of Pollutants 


Acridine orange direct counts (AODCs) were 
compared with endotoxin (lipopolysaccharide, 
LPS) concentrations in 233 unchlorinated drinking 
water samples. Different fractions of LPS (total, 
free, and bound) were obtained by centrifuging the 
samples and were determined using a chromogenic 
Limulus amoebocyte lysate (LAL) test kit. Corre- 
lations with AODC were not increased when the 
bound LPS fraction was used instead of total LPS. 
For the total numbers samples the correlation be- 
tween total LPS and AODC was relatively high (r 
= 0.80), but with a residual standard deviation 
indicating considerable variations in the mean LPS 
content per cell from sample to sample. The ob- 
tained best-fitting regression line was significantly 
dependent on both water type and water process- 
ing plant; likewise, different borings within the 
same water supply seemed to influence the LPS/ 
AODC ratio. It is concluded that the AODC 
method is more reliable than LPS measurements 
when determining the total number of viable bacte- 
ria present, and seems to represent a good alterna- 
tive to the traditional plate count method. Based 
on an apparent relation between the LPS concen- 
tration and the judged mean cell size, the value of 
the LAL test in estimating biomass is indicated, 
and with an extensive and fairly homogeneous 
sample material (e.g., in acute contamination situa- 
tions), the ease and speed of the LAL test would 
favor this method. (Author’s abstract) 

W89-01458 


INORGANICS, 

Montgomery (James M.) Consulting Engineers, 
Inc., Pasadena, CA. Montgomery Labs. 

A. Eaton. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 752-773, June 1988. 10 
tab, 440 ref. 


Descriptors: *Literature review, *Inorganic com- 
pounds. *Wastewater analysis, *Pollutant identifi- 
cation, *Water analysis, *Chemical analysis, Qual- 
ity control, Chromatography, Spectroscopy, Elec- 
trochemistry, Flow injection analysis, Heavy 
metals, Ions, Radionuclides, Rare earths, Alkalini- 
ty, Nutrients, Hydrogen ion concentration, Sus- 
pended solids, Trace elements, Measuring instru- 
ments, Data collections. 


Literature published in 1987 on chemical analysis 
of inorganics is summarized in the form of tables 
covering the following: quality assurance and sam- 
pling procedures, sample preparation and precon- 
centration, speciation of elements, chromatography 
(ion, gas, and high pressure), atomic spectroscopy 
(atomic absorption, ICP, and ICP-mass spectrosco- 
py), electrochemistry (cathodic stripping, anodic 
stripping, and ion-selective electrodes), flow injec- 
tion analysis, other instrumental techniques, spec- 
trographic techniques, and analysis of individual 
elements and compounds (alkalinity, Al, Sb, As, 
Ba, Bi, B, Br, Cd, COD, Cu, CN, F, Ge, Au, I, Fe, 
Pb, Li, Mn, Hg, Mo, Ni, NH3, NO3, NO2, total 
Kjeldahl N, Os, Pd, pH, P, Pt, radionuclides, rare 
earths, Re, Se, Si, Ag, Sr, SO4, S, sulfite, thiosul- 
fate, total suspended solids, Tl, Sn, Ti, W, U, V, 
and Zr. All tables consist of comments summariz- 
ing each document cited. (Rochester-PTT) 
W89-01464 


ORGANICS, 

Tennessee Technological Univ., Cookeville. 

M. E. Nubbe, V. D. Adams, R. J. Watts, and Y. S. 
Robinet-Clark. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 773-796, June 1988. 8 
tab, 292 ref. 


Descriptors: *Literature review, *Organic com- 
pounds, *Wastewater analysis, *Water analysis, 
*Pollutant identification, *Chemical analysis, 
*Path of pollutants, *Fate of pollutants, *Ground- 
water pollution, Hydrocarbons, Pesticides, Chlor- 
inated hydrocarbons, Organic matter, Surface 
water, Groundwater, Drinking water, Wastewater, 
Data collections. 


Literature published in 1987 on determination of 
organics and the presence and behavior of organics 
in environmental samples is summarized. Total or- 


ganic determination is reviewed and pertinent, im- 
portant and significant articles are summarized in 
the form of tables. Tables cover the following 
topics: methods of identification and detection of 
detergents and related compounds; methods of 
identification and quantification of aliphatic and 
aromatic hydrocarbons; presence, degradation, and 
attenuation of aliphatic and aromatic hydrocar- 
bons; methods for identification and quantification 
of pesticides, chlorinated hydrocarbons, and relat- 
ed compounds; presence, degradation, and attenu- 
ation of pesticides, chlorinated hydrocarbons, and 
related compounds; methods for identification and 
quantification of naturally occurring organics; 
methods for identification of organics present in 
surface and groundwater, drinking water, 
wasiewater, and other media; and presence, degra- 
dation, and attenuation of organics in surface and 
groundwater and wastewater. For each table, the 
sample type (e.g., groundwater, leachate, soil), 
compounds analyzed, methods employed, and sig- 
nificant results are given. (Rochester-PTT) 
W89-01465 


WATER CHARACTERISTICS, 

A. D. Levine. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 796-801, June 1988. 1 
tab, 42 ref. 


Descriptors: ‘*Literature review, *Wastewater 
analysis, *Water analysis, *Acid rain, *Chemical 
analysis, *Measuring instruments, Color, Odor, 
Dissolved oxygen, Hydrogen ion concentration, 
Solids, Particulate matter, Monitoring, Remote 
sensing, Radionuclides, Heavy metals, Trace ele- 
ments, Sulfates. 


Literature published in 1987 on biological and 
physical methods of water and wastewater analysis 
is summarized under the following headings: bio- 
logical analytical techniques, physical and chemi- 
cal analytical techniques, and acid precipitation. 
Specific measurement topics covered are: color, 
odor, dissolved oxygen, pH, solids, particulates, 
remote monitoring of groundwater, and radionu- 
clides. The review aims to include all pertinent, 
important and significant articles without evaluat- 
ing their merit; when selections were made, avail- 
ability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01466 


CONTINUOUS MONITORING, AUTOMATED 
ANALYSIS, AND SAMPLING PROCEDURES, 
Oak Ridge National Lab., TN. Waste Management 
Technology Center. 

For primary bibliographic entry see Field 7B. 
W89-01467 


HUMAN HEALTH EFFECTS ASSAYS, 

Utah Water Research Lab., Logan. 

R. C. Sims, J. L. Sims, and R. R. Dupont. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 1093-1106, June 1988. 
6 tab, 253 ref. 


Descriptors: *Literature review, *Public health, 
*Human diseases, *Water analysis, *Bioassay, 
*Carcinogens, *Genotoxic chemicals, *Mutagens, 
*Drinking water, *Surface water, Data collections, 
Pollutant identification, Organic compounds, 
Water pollution effects. 


Literature published in 1987 on assays used in 
environmental risk assessment in relation to water 
pollutants is summarized, including: current ap- 
proach, test systems, and research results. Tables 
summarize properties of assays used for genotoxic 
chemicals in environmental samples; results of 
health effects assays of drinking waters and surface 
waters; health effects assays of specific organic 
chemicals or chemical classes of environmental 
concern; and special characteristics of human 
health effects assays of mutagenicity and genotoxic 
effects. (Rochester-PTT) 

W89-01506 


DETECTION AND OCCURRENCE OF WATER- 
BORNE BACTERIAL AND VIRAL PATHO- 
GENS, 

Virginia Polytechnic Inst., Blacksburg. 

G. D. Boardman, R. D. Shannon, and T. R. 
McBrayer. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 1121-1132, June 1988. 
178 ref. 


Descriptors: *Literature review, *Water treatment, 
*Bacteria, *Viruses, *Pathogens, *Path of pollut- 
ants, *Water analysis, Bacterial analysis, Fate of 
pollutants, Serology, Culture media, Sampling, 
Wastewater analysis, Activated sludge, Wetlands, 
Performance evaluation, Filtration, Disinfection. 


Literature published in 1987 on detection and oc- 
currence of waterborne bacterial and viral patho- 
gens in water is summarized under the following 
headings: bacteria detection, occurrence and distri- 
bution of bacteria, fate of bacteria in water treat- 
ment systems, persistence of bacteria, bacterial in- 
dicators, virus detection, virus distribution and oc- 
currence, fate of viruses in treatment systems, per- 
sistence of viruses, and viral indicators. Topics 
include membrane filtration sampling, culture 
media, serological methods, antibiotic-resistant 
bacteria, effects of chlorine, ozone, and biological 
treatment, point-of-use disinfection, bacteria and 
viruses in freshwater, marine, and wastewater envi- 
ronments, and fate of viruses in activated sludge 
and artificial wetlands. The review aims to include 
all pertinent, important and significant articles 
without evaluating their merit; when selections 
were made, availability of documents and the pres- 
ence of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01508 


INFLUENCE OF INDICATOR BACTERIA ON 
THE INCIDENCE OF SALMONELLA IN 
AQUATIC ENVIRONMENT, 

Hiroshima Univ. (Japan). Faculty of Applied Bio- 
logical Science. 

K. Venkateswaran, and H. Hashimoto. 

Nippon Suisan Gakkaishi NSUGAF, Vol. 54, No. 
2, p 253-258, February 1988. 2 fig, 3 tab, 21 ref. 
Japanese Ministry of Education, Culture and Sci- 
ence Grant 60030055. 


Descriptors: *Salmonella, *Bioindicators, *Water 
pollution, *Fecal pollution, *Water quality, Micro- 
biological studies, Bacteria, Surface water, Japan. 


A year-long survey was conducted on the ecology 
of Salmonella and the correlation of bacterial indi- 
cators of pollution in the isolation of this enteric 
pathogen. MPN procedures were employed for the 
enumeration of total viable counts, total coliforms, 
fecal coliforms and fecal streptococci in surface 
waters of riverine and marine biotypes of Fu- 
kuyama, Japan. A modified primary, nonselective, 
elevated temperature preenrichment procedure 
was used in detecting MPN indices of Salmonella. 
The results suggested that bacterial indicators of 
pollution were not reliable as an index of microbial 
quality of aquatic system and emphasized that 
direct enumeration of Salmonella could serve as an 
indicator of the quality of water. Serological stud- 
ies of 321 strains of Salmonella yielded 11 sero- 
types with one untypable strain. S. agona, S. cham- 
paign and S. litchfield were isolated for the first 
time in Fukuyama aquatic environments. In addi- 
tion, one new serotype, S.III b 58: z sub 10: z sub 
53: Rz sub 50, is reported (Author’s abstract) 
W89-01510 


PHAGE-SENSITIVE BACTERIA IN _ SEA- 
WATER OF KAGOSHIMA BAY, (IN JAPA- 
NESE), 

Kagoshima Univ. (Japan). Faculty of Fisheries. 
T. Hidaka, Y. Kamino, and T. Kawabe. 

Memoirs of the Faculty of Fisheries, Kagoshima 
University, Vol. 36, No. 1, p 17-25, 1987. 3 fig, 3 
tab, 11 ref. English summary. 


Descriptors: *Sea water, *Bacteria, *Oseudo- 
monas, *Vibrio, *Moraxella, *Pollutant identifica- 





tion, *Aeromonas, *Bacteriophage, *Aquatic habi- 
tats, Habitats, Kagoshima Bay, Bays, Japan, Coast- 
al waters. 


Marine bacteria and bacteriophages were isolated 
from seawater samples collected from 1 m and 50 
m depth layers at 8 stations of Kagoshima Bay, at 
11 times of selected seasonal intervals during 1980 
to 1984. The isolates from each sample included 
several phage-sensitive strains. The proportion of 
phage-sensitive to total isolates from each sample 
varied from 0 to 87 percent (average 25 percent), 
at each station, depth, and season. The sensitive 
strains were found in all genera of isolates, espe- 
cially Pseudomonas, Vibrio, Aeromonas and Mor- 
axella. The strains in each genus could be catego- 
rized by their sensitivity to several phage types. 
Their habitats were segregated by station and 
depth. It was found that the strains’ distribution 
was dependent on oceanographic conditions in the 
Bay. (Author’s abstract) 
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ATOMIC ABSORPTION SPECTROMETRIC 
AND SYNERGISTIC SPECTROPHOTOME- 
TRIC MICRODETERMINATION OF HAFNI- 
UM IN ALLOYS AND ENVIRONMENTAL 
SAMPLES, 

Centre for Water Resources Development and 
Management, Kunnamangalam (India). Water 
Quality and Environment Div. 

S. A. Abbasi. 

Analytical Letters ANALBP, Vol. 21, No. 4, p 
653-665, June 1988. 1 fig, 4 tab, 21 ref. 


Descriptors: *Hafnium, *Extraction, *Atomic ab- 
sorption spectrometry, *Pollutants, *Pollutant 
identification, Water pollution, Spectrometers, 
Spectrophotometry, Analytical methods. 


Hafnium (IV) was selectively extracted from 0.45- 
0.55 M HCl media as its chelate with N-p-methox- 
yphenyl-2-furylacrylic-hydoxamic acid (MFHA) 
into chloroform. Xylenol orange was added to the 
extract to form an intensely colored ternary com- 
plex measurable spectrophotometrically at 545 nm 
(epsilon = 8.3 times 10 to the fourth 1/mol/cm) 
with a sensitivity better than 0.002 ppm. For 
atomic absorption spectrometric determination, 
hafnium was extracted with MFHA into methyl 
isobutyl ketone was measured with 286.6 nm reso- 
nance line in the nitrous oxide-acetylene flame. 
The methods were applied to the analysis of hafni- 
um in alloys, plant tissues, animal tissues, and natu- 
ral waters. The MFHA-xylenol orange reagent 
combination was chosen after studying ten hydrox- 
amic acids and five chromogenic reagents. (Au- 
thor’s abstract) 

W89-01526 


PROCEEDINGS OF THE NWWA/API CON- 
FERENCE ON PETROLEUM HYDROCAR- 
BONS AND ORGANIC CHEMICALS IN 
GROUND WATER-PREVENTION, DETEC- 
TION AND RESTORATION. 

For primary bibliographic entry see Field 5B. 
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INSTALLATION OF HYDROCARBON DETEC- 
TION WELLS AND VOLUMETRIC CALCULA- 
TIONS WITHIN A CONFINED AQUIFER: A 
CASE STUDY, 

Engineering Enterprises, Inc., Norman, OK. 

For primary bibliographic entry see Field 7A. 
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USE OF HEADSPACE SAMPLING TECH- 
NIQUES IN THE FIELD TO QUANTIFY 
LEVELS OF GASOLINE CONTAMINATION IN 
SOIL AND GROUND WATER, 

Connecticut Univ., Storrs. Dept. of Chemistry. 
G. A. Robbins, V. D. Roe, J. D. Stuart, and J. T. 
Griffith. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 307-315, 2 fig, 7 ref. 
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Descriptors: *Pollutant identification, *Ground- 
water pollution, *Soil contamination, *Gasoline, 
*Monitoring, *Sampling, Vapor pressure, Leakage, 
Quantitative analysis, Path of pollutants. 


Headspace sampling entails measuring the concen- 
tration of analyte vapors in the air space of a 
sampling vessel that contains contaminated soil or 
water. Ideally, headspace concentration measure- 
ments should be correlative with contaminant 
levels in soil and water. Thus, they should be 
useful for real-time contamination assessments re- 
lated to investigations, monitoring and remedi- 
ation. However, in general practice, headspace and 
laboratory correlations are often problematic, as 
exemplified by poor correlations, and false positive 
and negative field indications of contamination rel- 
ative to standard laboratory analyses. Theoretical 
evaluations and laboratory and field testing are 
being conducted to develop improved headspace 
methodologies. These methodologies include gross 
contamination determinations in pressure vessels 
using portable gas detection equipment. Efforts to 
date would indicate that improvements in measure- 
ments and correlations can be performed, and im- 
portant variables that influence measurements are 
recorded and controlled. Important variables in- 
clude sample size/headspace volume ratio, temper- 
ature, total pressure, sealing time interval prior to 
measurement, contaminant mass, background 
vapor levels in pore spaces, vessel leakage during 
sampling, and vapor condensation on the sampling 
vessel. (See also W89-01530) (Author’s abstract) 
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HYDROCARBON VAPOR PLUME DEFINI- 
TION USING AMBIENT TEMPERATURE 
HEADSPACE ANALYSIS, 

ERT, A Resource Engineering Co., Fort Collins, 


Co. 

T. Holbrook. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 317-328, 4 tab, 6 ref. 


Descriptors: *Hydrocarbons, *Soil contamination, 
*Pollutant identification, *Monitoring, *Sampling, 
*Gasoline, *Soil temperature, Plumes, Path of pol- 
lutants, Vadose water, Storage tanks, Leakage, Un- 
saturated zone. 


Rapid, on-site methods of determining volatile hy- 
drocarbon concentrations in soil gas are useful in 
defining the extent of unsaturated zone contamina- 
tion. Controlled laboratory experiments have been 
completed to investigate the accuracy and preci- 
sion of the ambient temperature headspace (ATH) 
method of analyzing soil samples for volatile hy- 
drocarbons. Soil samples spiked with known 
amounts of gasoline were tested using the ATH 
method. The results demonstrate that the method 
is sensitive to low mg/kg quantities of gasoline in 
soil samples. Based on these findings, a standard 
protocol for ATH analysis has been developed. 
ATH analysis consists of filling a sample container 
half full with a consistent volume of soil sample, 
sealing the container, allowing adequate time for 
ambient temperature equilibration, and finally test- 
ing the headspace for volatile ionizable hydrocar- 
bons using a portable photoionization detector 
(PID). Soil samples collected at incremental depths 
and analyzed using the ATH method can yield 
depth integrated data to define the vertical extent 
of volatile contaminants. In a case study, the ATH 
method was used on soil samples collected at in- 
cremental depths to define the extent of a volatile 
petroleum plume. ATH results were compared to 
data obtained by analyzing selected soil samples 
using more expensive and time consuming EPA 
extraction and chromatographic methods. By using 
ATH on soil samples rapid, economical definition 
of volatile contaminant plumes in the vadose zone 
can be achieved. (See also W89-01530) (Author's 
abstract) 
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MULTI DEPTH SOIL GAS ANALYSES, 
San Diego State Univ., CA. Dept. of Geological 
Sciences. 


T. F. Zdeb. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Weli Association, 
Dublin, OH. 1987. p 329-343, 6 fig, 3 tab, 10 ref. 


Descriptors: *Soil contamination, *Groundwater 
pollution, *Organic compounds, *Monitoring, 
*Adsorption, *Sampling, Soil gases, Gas chroma- 
tography, Pollutant identification, Path of pollut- 
ants, Water pollution sources. 


Multiple depth soil gas surveys, using both passive 
and dynamic sampling techniques, were completed 
at a site contaminated at two locations with vola- 
tile organic compounds (VOCs). Passive sampling 
(diffusion driven) was accomplished by placing 
sampling devices that contained the VOC adsorb- 
ent materials, Tenax GC, or Carbopack B, in 
capped, hollow probes, driven to a four foot depth. 
Dynamic sampling was effected using a vacuum 
pump to withdraw subsurface soil gas samples 
from the passively sampled probes, after sampling 
was completed, and from new probes driven four 
and/or nine feet into the ground. At selected loca- 
tions, discrete samples were collected with a sy- 
ringe and were analyzed for specific constituents 
by direct injection into a field-operable laboratory 
grade gas chromatograph (GC). At the same time, 
selected samples were also dynamically collected 
by trapping on the VOC adsorbent material Tenax 
GC. Samples collected on adsorbent materials 
were later partially or completely thermally de- 
sorbed and analyzed with the GC. A comparison 
of the results showed that each of the methods of 
sampling and analyses were useful in terms of 
defining source areas and that each method had an 
appropriate application. Dynamic sampling, using 
on site analysis techniques, had advantages in situa- 
tions requiring the use of essentially real time data 
to further direct field activities. The use of adsorb- 
ent materials, using both dynamic and passive sam- 
pling techniques, was advantageous in that minimal 
field time and equipment were required to com- 
plete the survey. For the methodology applied, the 
use of adsorbent materials, by the dynamic sam- 
pling technique, appears to be capable of produc- 
ing results that are generally as good as or better 
than those obtained using direct injection tech- 
niques in terms of both sensitivity and economy. 
Passive sampling produced results that allowed 
relative concentration gradients to be discerned 
which may be adequate information in many cases. 
Problems of contaminated adsorbent materials 
were largely eliminated by the use of a new type of 
sampling cartridge. The multi depth approach al- 
lowed a preliminary assessment of the nature of the 
contamination (shallow soil vs. groundwater) to be 
made. (See also W89-01530) (Author’s abstract) 
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SOIL GAS SURVEY AS A PRELIMINARY IN- 
VESTIGATIVE TOOL FOR HYDROCARBON 
RELEASES: COST-EFFECTIVE FIELD TECH- 
NIQUES AND AN EVALUATION OF FACTORS 
INFLUENCING THE EFFECTIVENESS OF 
THE SURVEY, 

IEP, Inc., Northborough, MA. 

C. Morgan, and C. Klinger. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 347-355, 1 tab. 


Descriptors: *Monitoring, *Soil gases, *Pollutant 
identification, *Groundwater pollution, *Organic 
compounds, *Soil contamination, *Sampling, Gas 
chromatography, New England, Vadose water, 
Soil surveys. 


The soil gas survey is a rapid and cost-effective 
method for providing preliminary assessments of 
sites where releases of volatile organics to the 
subsurface are suspected. The relatively simple 
field techniques described in this paper and else- 
where for sampling of shallow soil gases require 
only qualified personnel, simple sampling devices, 
and a field gas chromatograph. In most geologic 
environments in New England, this technique 
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seems to be reliably capable of detecting ground- 
water contamination down to the hundreds of 
parts per billion level. In favorable circumstances, 
greater sensitivity may be obtained, but where 
depth to water exceeds 15 to 20 feet and other 
factors such as surface permeability are not favor- 
able, sensitivity decreases to detection of ground- 
water contamination in the part per million range 
or worse. The survey is thus a viable reconnais- 
sance tool for much of the land area of New 
England, where depth to water is often not great. 
As the soil gas survey becomes an increasingly 
common tool, more and more people will be re- 
quired to interpret soil gas data, either generated 
by themselves or in a review capacity. The data 
presented in this paper is intended to aid those 
required to interpret soil gas data. (See also W89- 
01530) (Author's abstract) 
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SOIL GAS ANALYSIS OF METHANE AND 
CARBON DIOXIDE: DELINEATING AND 
MONITORING PETROLEUM HYDROCAR- 
BONS, 

D. L. Marrin. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 357-367, 3 fig, 1 tab, 12 ref. 


Descriptors: *Pollutant identification, *Soil gases, 
*Sampling, *Monitoring, *Methane, *Carbon diox- 
ide, *Groundwater pollution, *Soil contamination, 
Benzenes, Regression analyses, Degradation, Hy- 
drocarbons, Plumes, Water pollution sources. 


Measuring carbon dioxide concentrations in soil 
gas overlying an aquifer contaminated with ben- 
zene and chlorobenzene provided an estimate of 
groundwater conditions even though both con- 
taminants were absent from soil gas. Regression 
analyses suggest that elevated CO2 concentrations 
in soil gas were due to organic, rather than inor- 
ganic, sources in groundwater. Carbon dioxide 
concentrations ranged from 0.09 to 0.45% over the 
groundwater plume. Methane concentrations in 
soil gas were correlated with total hydrocarbon 
concentrations in soil gas overlying a free-product 
layer on the water table. It appeared that methano- 
genic conditions were associated with the free- 
product phase and that anomalously high methane 
concentrations in soil gas beyond the free-product 
plume were due to either a broken sewer line or 
the oxidative degradation of gasoline hydrocar- 
bons in shallow soils located beyond the plume 
boundary. (See also W89-01530) (Author’s ab- 
stract) 
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AQUATIC MONITORING: A RATIONALE 
FOR OBTAINING AND INTERPRETING 
AQUATIC ECOSYSTEM CHEMICAL EXPO- 
SURE DATA, 

Monsanto Co., St. Louis, MO. 

For primary bibliographic entry see Field 7A. 
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LEACHING TEST CHARACTERIZATION OF 
IRON AND STEEL INDUSTRY WASTE, 
Thyssen A.G., Duisburg (Germany, F.R.). 

J. A. Philipp, R. Endell, J. Raguin, and O. 
Dechelette. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 7- 
27, 5 fig, 11 tab, 20 ref, append. 


Descriptors: ‘*Hazardous wastes, *Leaching, 
*Waste characteristics, *Toxicity, *Waste disposal, 
Landfills, Testing procedures, Steel industry, 
Heavy metals, Iron, Waste management, Federal 
Republic of Germany, South Africa, Australia, 
France, Great Britain, Italy, Japan, Leachates. 


The iron and steel industry generates considerable 
tonnages of solid waste, and although much of it is 
to a large extent valorized, some 50 kg of waste to 
every ton (1000 kg) of steel have to be discharged 
or disposed of as waste. A good environmental 


protection policy calls for a ban on dumping of 
special waste materials, which there are strong 
grounds for fearing may be of a toxic and danger- 
ous nature. Except in specific cases, it is difficult to 
tell from the composition of a waste material 
whether or not it is of a special nature. Character- 
ization simulations have to be made to ascertain the 
extent to which the waste material can release 
harmful elements, such as heavy metals, when in 
contact with rainwater and in some cases other 
waste materials. Such is the object of the leaching 
tests, which have or are being developed in many 
countries at the instigation of the authorities and 
industrialists: Federal Republic of Germany, South 
Africa, Australia, France, Great Britain, Italy, 
Japan, and the United States. The International 
Iron and Steel Institute has, within its Environ- 
ment Committee, made a comparison of the results 
obtained with different national tests using the 
same specimens. (See also W89-01634) (Author’s 
abstract) 
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COMPARISON OF LEACHATE QUALITY IN 
FOUNDRY WASTE LANDFILLS TO LEACH 
TEST ABSTRACTS, 

Wisconsin Univ., Madison. Dept. of Civil and En- 
vironmental Engineering. 

For primary bibliographic entry see Field 5B. 
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TESTING METHODOLOGIES FOR LANDFILL 
CODISPOSAL OF MUNICIPAL AND INDUS- 
TRIAL WASTES, 

Georgia Inst. of Tech., Atlanta. School of Civil 
Engineering. 

For primary bibliographic entry see Field 5B. 
W89-01637 


APPROACH FOR EVALUATING LONG-TERM 
LEACHABILITY FROM MEASUREMENT OF 
INTRINSIC WASTE PROPERTIES, 
Environmental Protection Service, Burlington 
(Ontario). Waste Water Technology Centre. 

P. Cote, T. R. Bridle, and A. Benedek. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
63-78, 7 fig, 1 tab, 21 ref. 


Descriptors: *Waste characteristics, *Leaching, 
*Waste disposal, *Hazardous wastes, *Industrial 
waste, *Mathematical models, Heavy metals, Lea- 
chates, Path of pollutants, Permeability coefficient, 
Model studies, Solid waste disposal. 


A radically new approach for evaluating hazard- 
ous waste leachability is presented. In the past, 
leachability has been measured through conduct- 
ance of laboratory leaching tests, either batch or 
column, using experimental conditions that attempt 
to simulate field conditions. An approach is pro- 
posed in which measured intrinsic properties of a 
waste are used in mathematical models to infer the 
long-term leachability. To provide background in- 
formation, laboratory leaching tests are reviewed 
with emphasis on interpretation of the results. It is 
argued that results of bench-scale tests are difficult 
to scale up to field disposal conditions and that 
they do not lend themselves to extrapolation over 
time. Leaching from wastes takes place via solubi- 
lization of contaminants inside the matrix and 
transport through the matrix pore system to the 
surrounding aqueous solution. Intrinsic properties 
that determine leaching rates can be categorized as 
chemical or transport phenomenon. Chemical 
properties include those factors that determine a 
contaminant’s solubility, for example, chemical 
speciation, precipitation, adsorption, kinetics of re- 
action, buffering capacity, and so forth. Transport 
properties include structure of the pore system, 
factors affecting diffusion of ions in the pores, and 
hydraulic conductivity. Laboratory methods to 
measure these properties are briefly described. A 
mathematical model, developed to predict leaching 
of toxic metals from solidified wastes under acidic 
conditions, is described. The model uses measured 
properties of wastes to predict leaching rates under 
a variety of conditions. Verification experiments 
are presented and the merits and limitations of the 
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model for long-term predictions are discussed. (See 
also W89-01634) (Author’s abstract) 
W89-01638 


USE OF AN UPFLOW COLUMN LEACHING 
TEST TO STUDY THE RELEASE PATTERNS 
OF HEAVY METALS FROM STABILIZED/SO- 
LIDIFIED HEAVY METAL SLUDGES, 

Army Environmental Hygiene Agency, Aberdeen 
Proving Ground, MD. Waste Disposal Engineer- 
ing Div. 

T. M. Brown, P. L. Bishop, and D. L. Gress. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
79-90, 5 fig, 3 tab, 13 ref. 


Descriptors: *Hazardous wastes, *Portland ce- 
ments, *Leaching, *Heavy metals, *Sludge dispos- 
al, Landfills, Particle size, Diffusion coefficient, 
Path of pollutants, Mathematical models, Cadmi- 
um, Chromium, Lead. 


Stabilization/solidification of hazardous liquids and 
sludges with portland cement has been investigated 
as a method of treatment that will bind hazardous 
materials in a form that minimizes adverse effects 
on the environment after landfilling. Research has 
been conducted to determine the long-term accept- 
ability of this technique for disposal of heavy metal 
sludges by determining the rate of release of metals 
from solidified/stabilized wastes. The primary con- 
cern of this research was to determine the manner 
in which the heavy metals are released from the 
paste, as this will be important in extrapolation of 
the short-term leaching test results to long time 
periods. These studies utilized upflow leaching col- 
umns to determine the effects of acid flux (meq/g/ 
day) and waste particle size on the release of 
metals from the solidified cement paste containing 
heavy metal sludges. Two particle size ranges and 
two acid fluxes were evaluated. Leachates from 
the column were collected on a daily basis and 
analyzed for pH, alkalinity, cadmium, chromium, 
and lead. Release patterns were modelled success- 
fully using a diffusion-based equation. An effective 
diffusion coefficient and leachability index were 
calculated for each combination of heavy metal, 
particle size, and acid flux. These values can be 
used to predict metal release rates. (See also W89- 
01634) (Author’s abstract) 
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COMPLEX MATRIX IN ENVIRONMENTAL 
CHEMISTRY FOR THE PETROCHEMICAL 
INDUSTRY, 

Standard Oil Co. (Ohio), Cleveland. Research 
Center. 

A. R. Rohlik. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume, American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
257-272, 4 tab, 7 ref. 


Descriptors: *Chemical analysis, *Sample preser- 
vation, *Sampling, *Waste characteristics, *Pollut- 
ant identification, *Oil industry, Waste disposal, 
Sulfides, X-ray fluorescence, Models, Sludge, Sys- 
tems analysis. 


Specific examples are presented of problem solving 
involving the complex matrix to encourage devel- 
opment and comparison of methods with the goal 
of creating systematic analytical protocols for 
many waste types. Complex matrix chemistry is 
becoming more important in environmental analy- 
sis. Many waste matrices are unique to an industri- 
al process and common worldwide. Only recently 
has analysis of many complex wastes been attempt- 
ed, primarily because of environmental concerns 
and regulations. The complex matrix can be multi- 
phase, chemically unstable, and contain analytical 
interferences. Complicating factors include waste 
aging and total versus releasable constituents. Mul- 
tiphase wastes can contain organic compounds, 
water, and solids. Examples of centrifugation and 
extraction of sludges are shown to simplify analy- 
sis. The extracts are more uniform and can. be 
analyzed separately with more reproducible re- 
sults. However, careful attention must be paid to 





mass, volume, and specific gravity of the separated 
fractions to be able to reconstruct the original 
samples. Anaerobic bacteria in petroleum refinery 
sludges can rapidly generate sulfide in a sample 
and lead to misleading conclusions about the real 
hazard of the waste. Analysis for sulfide immedi- 
ately after sampling is recommended. Other 
changes in chemically active wastes, including oxi- 
dation, often occur naturally in the disposal envi- 
ronment. These changes caused by aging are 
shown to confound analytical results and make 
interpretation of environmental impact difficult. 
Matrix interferences in sulfur analyses can be over- 
come with appropriate analytical techniques. 
Matrix effects are explained, and comparisons of 
X-ray fluorescence and combustion are made. The 
sulfur result is also shown to present a problem in 
heat content calculation. The success of total assay 
of metals is dependent on specimen preparation. A 
comparison of three methods is given and a recom- 
mendation made. New test methods under devel- 
opment for environmental modeling are presented. 
The use of background information is recommend- 
ed to optimize analytical techniques and provide 
the most useful data. (See also W89-01634) (Au- 
thor’s abstract) 
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TRIENTS AND MICRONUTRIENTS AND 
SOME TOXIC ELEMENTS IN SEWAGE 
SLUDGES FROM DOMESTIC AND INDUSTRI- 
AL INFLUENTS PRIOR TO LAND DISPOSAL: 
I, DEVELOPMENT OF METHODS, 

Rutgers - The State Univ., New Brunswick, NJ. 
Dept. of Chemistry. 

S. A. Katz, and S. W. Jenniss. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
273-292, 10 tab, 56 ref. 


Descriptors: *Spectroscopy, *Spectrophotometry, 
*Nutrients, *Hazardous wastes, *Pollutant identifi- 
cation, *Waste characteristics, *Sludge disposal, 
Phosphorus, Nitrates, Land disposal, Industrial 
wastes, Municipal wastes, Heavy metals, Testing 
procedures, Wastwater analysis, Regulations. 


Procedures for the determination of some micronu- 
trients and macronutrients and some toxic elements 
in sewage sludge are reviewed and evaluated. Di- 
gestion with nitric acid and hydrogen peroxide 
prior to measurement by atomic absorption spec- 
troscopy was well suited to the determination of 
heavy metals in sewage sludge and compatible 
with the existing requirements and recommenda- 
tions of the North American and Western Europe- 
an regulatory agencies. Ignition was found to satis- 
factorily prepare sewage sludge for the determina- 
tion of phosphorus by spectrophotometry of the 
molybdenum blue complex, and extraction with 
water shows promise for isolating nitrites and ni- 
trates from sewage sludge before their spectropho- 
tometric determinations. The criteria used in evalu- 
ating the procedures were speed, simplicity, sensi- 
tivity, and selectivity. (See also W89-01634) (Au- 
thor’s abstract) 
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SOIL MOISTURE MONITORING AND SAM- 
PLING PROBE FOR UNDERGROUND STOR- 
AGE TANKS AND SURFACE IMPOUND- 


Wisconsin Univ., Madison. Dept. of Soil Science. 
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IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
343-352, 2 fig, 36 ref. 


Descriptors: *Monitoring, *Soil moisture meters, 
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ground storage, Tensiometers. 


A review of available technologies for monitoring 
leaks from underground storage tanks and surface 
impoundments was performed to identify equip- 
ment that was most suited for this pu 


single probe that combines the functions of a tensi- 
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ometer and lysimeter was selected for additional 
research based upon this review. The unit detects 
changes in matrix potential when functioning as a 
tensiometer and can also collect soil pore-water 
samples as a lysimeter. The probe pred ped from 
this effort was instrumented for both manual or 
remote monitoring, recording, and sampling. In- 
strumentation for automated maintenance allowed 
the unit to operate for extended periods of time 
without refilling the tensiometer mode of the probe 
with liquid. Probe density depends upon soil tex- 
ture and moisture content, metry of the con- 
tainment structure, and depth c of installation. Cal- 
culations for determining the optimum probe 
placement based upon the diameter of the porous 
ceramic portion along with soil dispersion charac- 
teristics determine the primary variables for deter- 
mining the optimum number of probes for a given 
containment structure. Probe sensitivity is con- 
trolled by the porous surface to vessel liquid 
volume, the radius of the porous section, and type 
of surface instrumentation. (See also W89-01634) 
(Author’s abstract) 
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CTICES FOR SAMPLING SOLID WASTES 
FROM POINT DISCHARGES AND IMPOUND- 
MENTS, 


Radian Corp., Austin, TX. 
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ASTM STANDARD LEACH TEST D3986: A 
HISTORY, 

U.S. Pollution Control, Inc., Oklahoma City, OK. 
K. Jackson. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
367-374, 4 tab. 
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Society for Testing and Materials. 


In 1977 American Society for Testing and Materi- 
als Subcommittee D19.12 (currently ASTM Com- 
mittee D-34 on Waste Dis; ) was organized to 
develop standard test methods for the evaluation 
of hazardous waste. A standard leach test was the 
first test that needed to be identified. The develop- 
ment of this standard leach test involved a two 
phase testing program. The phase one program 
identified the areas in the proposed test method 
that were responsible for the very high variability 
found during the testing program. The second 
phase testing program was designed and carried 
out to address those areas of variability. The pro- 
posed test method was adopted as a standard in 
June 1980. (See also W89-01634) (Author’s ab- 
stract) 
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BATCH TYPE 24-H DISTRIBUTION RATIO 
FOR CONTAMINANT ADSORPTION BY SOIL 
MATERIALS, 

Illinois State Geological Survey Div., Champaign. 
Geochemistry Section. 

For primary bibliographic entry see Field 7B. 
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ABSORPTION OF HALOGENATED ORGANIC 
COMPOUNDS BY POLYMER MATERIALS 
USED IN GROUND WATER 


Gartner Lee Associates Ltd., Markham (Ontario). 
G. W. Reynolds, and R. W. Gillham. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 125-132, 5 fig, 1 tab, 17 ref. 
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ene, Polyethylene, Latex rubber, Absorption. 
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Laboratory studies were conducted to determine 
the adsorption of 5 halogenated compounds, at 
parts per billion concentrations, by 6 polymer ma- 
terials commonly used in ground water monitor 
construction. The batch experiments were carried 
out under static conditions to simulate water stand- 
ing in a well bore. Measurements were made over 
the range of 5 minutes to 5 weeks. The organic 
compounds used were __1,1,1-trichloroethane, 
1,1,2,2-tetrachloroethane, hexachloroethane, bro- 
moform and tetrachloroethylene. The polymer ma- 
terials evaluated were PVC, polytetrafluoroethy- 
lene (PTFE), nylon, polypropylene, polyethylene 
and latex rubber. Uptake by the polymer materials 
can be explained by a model where the organic 
compound first undergoes sorption/dissolution 
into the polymer surface followed by diffusion into 
the polymer matrix. PVC and PTFE both ab- 
sorbed 4 of the 5 compounds. However, absorption 
was generally slow for both of these materials with 
decreases in solution concentration <50% after 5 
weeks. An exception was the rapid absorption of 
tetrachloroethylene by PTFE. The compound was 
reduced to 50% of its original concentration in 
solution in about 8 hours. The other polymers 
rapidly absorbed all compounds, with latex rubber 
having the most rapid absorption followed by pol- 
yethylene and then polypropylene and nylon. The 
order in which compounds were absorbed was 
different for each polymer. No relationship was 
found between the order or rate of absorption onto 
any polymer and the solubility or octanol/water 
partition coefficient of the organic compound. 
However, hexachloroethane and tetrachloroethy- 
lene, with solubilities one or two orders of magni- 
tude less than the other compounds, were always 
absorbed the fastest and to the greatest extent. A 
relationship was found for polyethylene and poly- 
propylene of increased absorption with an increase 
in the compound’s undecane/water partitioning 
coefficient. (See also W89-01661) (Author's ab- 
stract) 
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IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
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Descriptors: *Groundwater pollution, *Contami- 
nation, *Alluvial aquifers, *Pollutant identification, 
*Sampling, *Organic compounds, *Chlorinated 
hydrocarbons, *Soil vapor, *Water quality, *Moni- 
toring wells, Path of pollutants, Trichloroethylene, 
Dichloroethylene, Aquifers, Trichloroethane, 
Perchloroethylene, Economic aspects, Hazardous 
materials. 


Soil vapor monitoring is an increasingly used 
method for characterizing the quality of shallow 
aquifers when contamination by volatile organic 
constituents is a concern. This paper describes the 
results of a soil vapor monitoring program per- 
formed to evaluate the area distribution of trichlor- 
oethylene, 1,2-cis-dichloroethylene, trichloroeth- 
ane and perchloroethylene in recent alluvial depos- 
its in the South San Francisco Bay Region. Shal- 
low ground water during this investigation was 
encountered at approximately 10 feet below grade, 
which afforded an opportunity to collect and com- 
pare both soil vapor and water quality data at 
approximately 50 discrete locations. Soil vapor/ 
water correlation coefficients are presented for all 
4 chlorinated hydrocarbons and indicate that 
vapor monitoring data can be used to (1) make a 
preliminary assessment of ground water quality 
degradation from volatile organic compounds and 
(2) optimize the design of a monitoring well net- 
work. The findings suggest that vapor monitoring 
networks located under asphalt and cement sur- 
faces will provide more sensitive and reliable indi- 
cations of shallow aquifer ground water quality. 
(See also W89-01661) (Author’s abstract) 
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PRACTICAL METHODOLOGY FOR PROC- 
ESSING AND VALIDATION OF WATER 
QUALITY DATA, 

Hydrometrics, Inc., Helena, MT. 

For primary bibliographic entry see Field 7B. 
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ASSESSING THE BIOACCUMULATION OF 
CONTAMINANTS FROM SEDIMENTS BY 
FISH AND OTHER AQUATIC ORGANISMS, 
Fish and Wildlife Service, Ann Arbor, MI. Great 
Lakes Fishery Lab. 

W. A. Wilford, M. J. Mac, and R. J. Hesselberg. 
IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 107-111, 1 fig, 8 ref. 
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Contaminated sediments that are not acutely toxic 
to aquatic organisms but contain bioaccumulable 
toxic substances present a common, yet poorly 
understood problem for regulatory decision 
makers. In order to recommend options to mini- 
mize bioaccumulation of these toxic substances, 
decision-makers need estimates of: (1) which sub- 
stances are available for accumulation by aquatic 
organisms; and (2) the potential impacts of such 
accumulation. The most direct and meaningful ap- 
proach to estimating bioavailability is measurement 
of contaminant uptake by aquatic organisms ex- 
posed to the sediments of concern. Reasonably 
reliable methodologies exist for performing such 
exposures in the laboratory and in situ using 
marine or freshwater organisms. Such methods can 
demonstrate short-term potential for bioaccumula- 
tion of toxics from the sediments, but not necessari- 
ly the biological significance or long-term impact 
of any accumulated residues in the organisms and 
transfer of those residues through the food chain. 
Since most contaminated sediments contain a mix- 
ture of toxic substances, determination of the bio- 
logical significance of their accumulation is not 
likely in the near future. Thus, the direct measure- 
ment of significant bioaccumulation of toxic sub- 
stances from the sediments remains the most imme- 
diately useful index in a decision-making process. 
(See also W89-01714) (Author’s abstract) 
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UNDERGROUND STORAGE SYSTEMS: LEAK 

DETECTION AND MONITORING, 

Groundwater Technology, Inc., Annapolis Junc- 

tion, MD. 

T. G. Schwendeman, and H. K. Wilcox. 

— Publishers, Inc., Chelsea, Michigan. 1987. 
p. 
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During the past few years, there has been an 
explosive growth of methods to detect and moni- 
tor for leaks from underground storage tanks. 
During the past five to six years, more devices and 
methods have been developed for monitoring un- 
derground storage tanks than were developed in 
the previous 50 years. This book is designed to 
acquaint underground storage tank owners and 
Operators with the many techniques and devices 
available today for monitoring underground stor- 
age tanks, i.e.: (1) automatic tank gaging devices; 
(2) automatic leak detectors; (3) vapor monitoring 
systems; and (4) interstitial monitoring. The au- 
thors have devoted a chapter to the testing and 
monitoring of the piping systems associated with 
underground tanks. it is important to distinguish 
monitoring systems from tank testing pr ures, 
since both have a definite role to play in the proper 
management of underground tanks. Monitoring 
techniques provide a means to continuously or 
semicontinuously determine whether a system is 
leaking, whereas tank testing provides a means for 
determining at the time of the test whether a leak is 
occurring. The authors point out that the accuracy 


of existing tank testin; 
many variables. (Lantz- 
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Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-702278. 
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Mollusks are known to be able to concentrate 
micropollutants (e.g. chlorinated hydrocarbons) in 
their tissues from the surrounding seawater. when 
animals of the same species are living in the same 
conditions, the average concentration of a con- 
taminant determined in their tissues after a suffi- 
ciently long exposure time should reflect the mean 
concentration of this substance in their environ- 
ment. On the other hand, chlorinated hydrocar- 
bons are normally present in seawater at very low 
concentration levels and it is much easier and less 
expensive to determine them in biological tissues 
than directly in seawater. Mussels, in particular, 
have been considered as good indicators of chlor- 
inated hydrocarbon pollution of the marine envi- 
ronment and this led to the development of mussel 
watch programs in many countries in the late 
seventies. The present study had two goals: (1) to 
give to laboratories dealing with chlorinated hy- 
drocarbon analyses of mussel tissues an opportuni- 
ty to check their analytical performance; and (2) to 
make available a reference made of mussel tissue 
with robust estimations of the ‘true values’ with 
respect to several chlorinated hydrocarbons. Such 
material would allow chemists to check the validi- 
ty of new analytical procedures. (Lantz-PTT) 
W89-01780 
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SOME METHODS FOR MEASURING EF- 
FECTS OF TOXICANTS ON LABORATORY- 
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Environmental Research Lab., Gulf Breeze, FL. 
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Fishery Sciences. 
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can Society for Testing and Materials, Philadel- 
hia, Pennsylvania. AS Special Technical Pub- 
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Four standardized aquatic microcosm (SAM) ex- 


periments were performed at two laboratories to 
test the reproducibility of controls and copper 
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sulfate treatments. Each laboratory (University of 
Washington and Duluth-EPA) conducted two 63- 
day experiments consisting of six replicates each of 
0 (control), 500, 1000, and 2 micrograms/L 
nominal copper (24 microcosms total). In controls, 
nitrate was rapidly converted to algal biomass and 
subsequently to Daphnia. Increasing amounts of 
copper delayed this conversion. At 500 micro- 
grams/L Cu, algal blooms consistently occurred 
during the absence of Daphnia. Slightly different 
amounts of initial copper were related to the dura- 
tion of these delays. Recovery of the microcosm 
communities was made possible by detoxification 
of copper through precipitation, chelation, and 
sorption, as predicted by the MINEQL copper 
speciation model. Statistical evaluation of results 
within each experiment was displayed by an ‘inter- 
val of nonsignificant difference’ around the control 
means. A procedure to statistically compare ex- 
periments for reproducibility is being developed, 
based upon discriminant analysis of distance meas- 
ures between control and treatment microcosms. 
Results from this statistical procedure are present- 
ed for the four experiments on three variables 
(nitrate, Daphnia, algal biovolume). Statistical 
analyses support the hypothesis that these moder- 
ately complex ecological experiments are more 
similar within laboratories than between laborato- 
ries. In spite of this, the conclusions reached from 
both sets of experiments are similar. (See also W89- 
01783) (Author’s abstract) 
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EPA Contract CR810741-01. 
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Two microecosystem protocols, the standardized 
aquatic microcosm (SAM) method and the mixed 
flask culture (MFC) method, were compared on 
the basis of their responses to copper sulfate. These 
protocols differed in microcosm structure, age, and 
the variables monitored. Two complete experi- 
ments were conducted with each method so that 
repeatability, as well as sensitivity and variability, 
could be evaluated. Copper caused significant re- 
ductions in pH, oxygen gain, and oxygen loss at 
concentrations down to 500 micrograms/L (the 
lowest test concentration) in the SAM tests and 
320 micrograms/L in the MFC tests. Lower 
copper concentrations (36 and 70 micrograms/L) 
in the MFC tests caused significant increases over 
control levels for several system-level variables. 
Although responses were similar with both sys- 
tems, the SAM procedure provided —_ 
more insight into the changes in population densi- 
ties and nutrient cycling responsible for the ob- 
served ecosystem level changes. The SAM sys- 
tems, on the basis of their higher coefficients of 
variation (CV) and higher minimum detectable 
differences (MDD), appeared to be theoretically 
less able to demonstrate significant toxic effects. 
The SAM results were more consistent, with mi- 
crocosms developing and responding to copper in 
a similar manner in both runs. In contrast, the 
microcosms in the MFC experiments showed 
major differences in both development and sensi- 





tivity between runs. (See also W89-01783) (Lantz- 
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POPULATION AND GUILD ANALYSIS FOR 
INTERPRETATION OF HEAVY METAL POL- 
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Lund Univ. (Sweden). Limnological Inst. 
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The development of community level toxicity pro- 
tocols would allow for the direct determination of 
toxicant effects on community level processes. 
Using protozoan communities colonized on artifi- 
cial substrates for testing the effects of hazardous 
substances allows rapid testing in a minimal 
amount of space. These communities were used in: 
(1) 48-h acute tests; (2) a 28-day static test; and (3) 
10-day continuous flow tests to assess the useful- 
ness of structural and functional indices in deter- 
mining adverse effects of the lamprey larvicide 3- 
trifluoromethyl-4-nitrophenol (TEM). A Acute tests 
protozoan communities of differing ages and 
were relatively insensitive to the toxicant; the EC 
sub 50 was 48.0 ppm. Continuous flow tests had 
high variability in colonization within treatments, 
and no significant concentration differences were 
detected. Functional group analyses showed no 
effect on community function, although higher 
trophic levels were reduced or absent at 10 ppm. 
Results support the use of multispecies tests in 
determining toxic effects on nat communities, 
while showing the need for continued work in this 
area to develop standardized, replicable testing 
procedures. (See also W89-01783) (Author’s ab- 
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Ridee Applications International Corp., Oak 
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INTERCALIBRATION OF ANALYTICAL 
ETHODS ON MARINE ENVIRONMENTAL 
SAMPLES: RESULTS OF MEDPOL II EXER- 
CISE FOR THE INTERCOMPARISON OF 
TRACE ELEMENT MEASUREMENTS ON 
MUSSEL TISSUE HOMOGENATE AND 
MARINE SEDIMENT (MA-M-2/TM AND SD-N- 
1/2/TM). 

International Lab. of Marine Radioactivity, 
Monaco-Ville (Monaco). 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-702279. 
Price codes: A03 in paper copy, AO1 in microfiche. 
Report No. IAEA/RL/137 Monaco/31, Decem- 
ber 1986. 41p, 32 tab, 4 ref. 
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Filter-feeding animals (e.g. mussels) and coastal 
sediments are often considered as contamination 
indicators of the marine environment. Mussels 
react quickly to the pollution of the surrounding 
seawater, while mechanisms of transfer and fixa- 
tion of heavy metals into sediments often reflect 
long-term processes. Many scientists, therefore, 
who study the contamination of the Mediterranean 
Sea are faced with problems of analysis of heavy 
metals in mussels and sediments. Since these analy- 
ses are often very difficult and require elaborate 
techniques, it was judged appropriate to provide 
the analysts working in institutes participating in 
MEDPOL Phase II with an opportunity for 
checking their analytical performances. The 
within-laboratory precision was shown to be satis- 
factory. For the mussel] MA-M-2/TM, 65% of the 
reported coefficients of variation lie between 0 and 
10%, 25% are between 10 and 20%, 9% between 
20 and 30%, and only 1% higher than 30%. In the 
case of the sediment SD-N-1/2/TM, 90% of the 
reported coefficients of variation lie between 0 and 
10% and the remaining 10% are between 10 and 
20%. The total number of outliers is moderate 
(9.2% of all results in the case of MA-M-2/TM 
and 2.0% in the case of SD-N-1/2/TM). The 
number of outlying results by ipating labora- 
tory varied between 0 and 4. Five laboratories 
produced | outlier, two laboratories reported 2 
outliers and one laboratory produced 4 outliers 
(for 11 reported results). (Lantz-PTT) 
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Utah State Univ., Logan 

For primary bibliographic entry see Field 5C. 
W89-01894 


CAN BIOLOGICAL MONITORING EARLY 
WARNIN BE USEFUL IN DE- 
TECTING bee MATERIALS IN WA’ 

Army Medical Bi —— Research and De- 
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Biological monitoring early warning systems con- 
tinuously and automatically monitor the physiolog- 
ical or behavioral responses of aquatic organisms 
exposed under flow-through conditions to surface 
water or wastewater and provide an immediate 
indication of abnormal organism responses. Such 
systems have several advantages over physico- 
chemical sensors, and their use has been suggested 
for the protection of both aquatic organisms and 
humans from water-borne toxicants. A literature 
search identified 16 biological monitoring early 
warning systems that have been used for monitor- 
ing toxicity under field conditions, and their useful- 
ness in reliably detecting toxic materials in water 
was determined. Biomonitors are best suited for 
detecting materials that are acutely toxic to aquatic 
organisms; the systems have less potential for mon- 
itoring concentrations of materials that are chron- 
ically toxic to aquatic organisms or that pose a 
human health hazard. Biological monitoring early 
warning systems can complement, but not replace, 
existing physico-chemical water quality monitors. 
(See also W89-01892) (Author’s abstract) 
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compounds, Toxicity, Liver, Bioaccumulation, 
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A noninvasive method for exposing eyed-stage 
rainbow trout (Salmo gairdneri) embryos to chemi- 
cals in a bioassay for toxicity and carcinogenicity 
was tested with four known mammalian carcino- 
ens. Aflatoxin B sub 1 (AFB sub 1), 
wy dimethylnitrosamine 

o N-methyl-N’-nitro-N-nitrosoguani- 
ine (MNNG) were ihe topically in dimethyl 
sulfoxide (DMSO) to the chorion of developing 
rainbow trout em 11 chemicals were toxic 
and decreased ity of fry after hatching In 
addition, AFB sub 1 (90 nano ‘egg) increased 
— in the egg ate stage as the most toxic 

a intent “sodied of eight 

months, alle em Re Is hed induced liver lasms 
in surviving fingerlings. The incidence of liver 
neoplasia ranged from 4.8% for DMN at 170.7 
micrograms/egg to 76.9% for MNNG at 20.5 mi- 
crograms/egg and generally was in the form of 
basophilic foci of altered hepatocytes. Eleven 
months post exposure, all treatment groups had 
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individuals with well-differentiated heptocellular 
carcinomas. The data suggest that the method has 
the potential to be a useful bioassay for chemical 
carcinogenicity. (See also W89-01892) (Author's 
abstract) 

W89-01914 


VALIDATION OF COLLABORATIVE TEST- 
ING GUIDELINES, 

Environmental Protection Agency, Las Vegas, 
NV. Quality Assurance Div. 

L. R. Williams, D. R. Meckley, and G. E. Schiefer. 
IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 335-348. EPA Contract 68-03-3136. 


Descriptors: *Aquatic toxicology, *Toxicology, 
*Standards, *Biological studies, *Quality control, 
*Bioassay, Daphnia, Toxicity. 


The effectiveness of collaborative testing guide- 
lines was evaluated in two multi-laboratory 
method-validation studies conducted for the EPA. 
The guidelines were developed for EPA’s Office 
of Toxic Substances and modeled after those of the 
Association of Official Analytical Chemists and 
The American Society for Testing and Materials. 
They were applied, to a greater or lesser extent, in 
the conduct of validation studies of the EPA’s 
interim Ames test mutagenicity assay and Daphnia 
magna life-cycle toxicity assay. At the conclusion 
of the testing phase of the studies, each participant 
was requested to provide information related to 
key guideline elements. In addition, the organizers 
of each study indicated the degree to which they 
followed or did not follow the guidelines in admin- 
istering their studies. Both participants and orga- 
nizers were urged to provide recommendations for 
improving the way in which such studies are con- 
ducted in the future. The results are the basis for 
validation and appropriate revision of the collabo- 
rative testing guidelines. Results are presented and 
the implication of those results for future collabo- 
rative studies are discussed. (See also W89-01892) 
(Author’s abstract) 
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WHY ROUND-ROBIN TESTING WITH ZOO- 
PLANKTON OFTEN FAILS TO PROVIDE AC- 
CEPTABLE RESULTS, 

Dow Chemical U.S.A., Midland, MI. Dept. of 
Environmental Quality. 

U. M. Cowgill. 
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cal properties, Bioindicators. 


Critical variables are discussed that occur in the 
culture and testing of Cladocerans that are respon- 
sible for the failure to obtain acceptable results in 
interlaboratory comparisons. The variables in ques- 
tion include diet, ambient medium, health of the 
test species, characteristics and purity of the com- 
pounds tested, and finally, whether nominal or 
measured concentrations are utilized to estimate 
the results of static acute toxicity tests. Available 
data indicate that diet, ambient medium, health of 
the test organisms, and the physical and chemical 
characteristics of the test compound and how the 
latter is measured seriously affects the comparabil- 
ity of the results of round-robin tests. Some recom- 
mendations are offered that might improve results 
from interlaboratory studies. These include proce- 
dures to be instituted to ascertain the health of the 
test organism. In addition, careful consideration 
should be accorded the selection of test com- 
pounds. Test compounds that are nontoxic or 
slightly toxic, have a high solubility in water, are 
of low molecular weight, have a low boiling point, 
a high vapor pressure, and few chlorine atoms 


within their structure will provide better precision 
than those compounds that have characteristics 
distinct from those just mentioned. In addition, 
measured test concentrations will improve interla- 
boratory comparisons over results obtained with 
nominal test concentrations. (See also W89-01892) 
(Author's abstract) 
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FACTORS AFFECTING THE CULTURE OF 
DAPHNIA MAGNA, 

Unilever Research Port Sunlight Lab., Bebington 
(England). 

C. M. Lee, C. A. Turner, and E. Huntington. 
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Descriptors: *Aquatic toxicology, *Toxicology, 
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garis, Food, Yeast, Microbiological studies. 


A factorial design was used to determine the indi- 
vidual and combined effects of light intensity, pho- 
toperiod, temperature, food, and feeding regime on 
the survival and production of Daphnia magna. 
Changes in light intensity between 150 and 1000 Ix, 
in photoperiod between 16 and 24 h, and in tem- 
perature between 18 and 23 C will not affect 
survival. There is however a strong light times 
temperature times food interaction that can influ- 
ence juvenile production. Using a higher light in- 
tensity when the food level was low improved 
productivity. The individual effects of increasing 
temperature and photoperiod were trivial. Low 
juvenile production was found when a low food 
level of 150,000 cells/ml Chlorella vulgaris was 
coupled with a low light intensity of 150 Ix and a 
temperature of 23 C. Feeding C. vulgaris grown in 
vitamin-enriched medium improved juvenile pro- 
duction only when the food level was high and 
appeared to have a negative effect when food 
quantity was inadequate. Food was provided as C. 
vulgaris alone or mixed with yeast cells and at 
various cell numbers of both. Juvenile production 
that would meet current criteria for 21-day life 
cycle tests was achieved with 750,000 cells/ml 
vitamin-enriched C. vulgaris both with and with- 
out yeast at 1,500,000 to 2,500,000 cells/ml under a 
light intensity of 1000 Ix and a photoperiod of 16h 
at 18 C. (See also W89-01892) (Author’s abstract) 
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QUALITY ASSURANCE REVIEW OF THE USE 
OF THE HYDRA ASSAY IN DEVELOPMEN- 
TAL TOXICITY (TERATOLOGY) STUDIES, 
Argus Research Labs., Inc., Horsham, PA. 

For primary bibliographic entry see Field 5C. 
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USE OF HEXAVALENT CHROMIUM AS A 
REFERENCE TOXICANT IN AQUATIC TOX- 
ICITY TESTS, 

North Texas State Univ., Denton. Dept. of Biolog- 
ical Sciences. 

K. M. Jop, J. H. Rodgers, P. B. Dorn, and K. L. 
Dickson. 

IN: Aquatic Toxicology and Environmental Fate: 
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Descriptors: *Pollutant identification, *Toxicol- 
ogy, *Chromium, *Aquatic toxicology, *Toxicity, 
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The suitability of hexavalent chromium (Cr) as a 
reference toxicant was examined in 39 toxicity tests 
using six species of aquatic organisms. In 19 tests 
conducted during a one and one-half year period 
with Daphnia pulex from a laboratory culture, the 
mean 48-h EC sub 50 was 0.129 mg Cr/L, with a 
range of 0.07 to 0.19 mg/L. The least sensitive 
animal tested was lepomis macrochirus, with a 


mean 96-h LC sub 50 of 191.9 mg Cr/L. Daphnia 
pulex was the most sensitive species followed by 
the saltwater species Mysidopsis bahia and Cyprin- 
odon variegatus. Slopes of chromium concentra- 
tion versus mortality ranged from 357 for D. pulex 
to 0.3 L. macrochirus, while Pimephales promelas, 
C. variegatus, and Gasterosteus aculeatus had simi- 
lar 96-h LC sub 50s (23.2 to 42.6 mg Cr/L) and 
similar concentration-mortality plot slopes (0.9 to 
1.1). Comparing the health of the D. pulex popula- 
tion through time by the EC sub 50 values re- 
vealed that while the organisms may exhibit similar 
EC sub 50 values and a low coefficient of variation 
(CV) of 26%, concentration-mortality curve slopes 
varied between 285 and 422. This suggests that 
slopes of the concentration-mortality curves with 
the same EC sub 50 value can serve as a sensitive 
measure of organism health through time. As a 
reference toxicant, hexavalent chromium provides 
a useful benchmark for assessing the health of 
toxicity test organisms through time. (See also 
W89-01892) (Author’s abstract) 
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APPLICABILITY OF USING A SINGLE LABO- 
RATORY EVALUATION TO SELECT CANDI- 
DATES FOR COLLABORATIVE TESTING: EX- 
PERIENCE WITH A SOIL TOXICITY BIOAS- 
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North Texas State Univ., Denton. Dept. of Biolog- 
ical Sciences. 
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Descriptors: *Toxicology, *Bioassay, *Standards, 
*Soil toxicity, *Quality control, *Aquatic toxicol- 
ogy, Monitoring. 


The purpose of a single laboratory evaluation is to 
provide a rational basis for deciding whether or 
not a bioassay merits the effort and expense of the 
collaborative testing necessary to qualify it for 
inclusion as part of an operational monitoring net- 
work. Guidelines, published by the U.S. EPA state 
that a single laboratory test should evaluate a 
proposed method’s capability for ruggedness, sen- 
sitivity, limits or reliable measurement, systematic 
error, precision, and accuracy. To demonstrate the 
use of these guidelines, the Hydrogen Oxidation 
Soil Bioassay was selected for evaluation as a 
potential candidate for collaborative testing. Re- 
sults from this demonstration indicated that the 
single laboratory evaluation provides a concise and 
organized approach for selecting bioassays for col- 
laborative testing. (See also W89-01892) (Author’s 
abstract) 
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BEHAVIORAL AND MORPHOLOGICAL 
CHANGES IN FATHEAD MINNOW (PIME- 
PHALES PROMELAS) AS DIAGNOSTIC END- 
POINTS FOR SCREENING CHEMICALS AC- 
CORDING TO MODE OF ACTION, 
Environmental Research Lab.-Duluth, MN. 
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EFFECT OF NATURAL WATER SOURCE ON 
THE TOXICITY OF CHEMICALS TO AQUAT- 
IC MICROORGANISMS, 

Smith Kline and French Labs., King of Prussia, 
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V. L. Cunningham, M. S. Morgan, and R. E. 
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Descriptors: *Water pollution effects, *Aquatic 
toxicology, *Bioassay, *Organic compounds, 





*Toxicology, Toxicity, Chlorophenol, Organic 
carbon, Bacteria, Water pollution sources, Humic 
acids, Chemical analysis, Bioluminescence, Gas 
chromatography, Mass spectrometry. 


A series of substituted chlorophenols was evaluat- 
ed in the Beckman Microtox Analyzer using natu- 
ral water from several diverse sources. Statistically 
significant differences in the effect level, as meas- 
ured by an ANOVA of the EC sub 50 (the concen- 
tration of toxicant that causes a 50% reduction in 
the light output of the bioluminescent bioassay 
organism, Photobacterium phosphoreum), were 
observed as a function of water source for three of 
the four compounds tested. These differences may 
be attributed to differences in the nature and con- 
centration of natural dissolved organic carbon 
(DOC) in the water samples. Some DOC, such as 
humics, are suspected of binding hydrophobic toxi- 
cants, and thus reducing the bioavailability and 
toxic effect of these compounds. At least one of the 
observed toxicity reductions can be accounted for 
by specific compound characteristics and the 
nature and concentration of the DOC as deter- 
mined by fluorescence spectroscopy and finger- 
printing by pyrolytic gas chromatography/mass 
spectrometry (GC/MS) techniques. However, for 
the other compounds tested, fluorescence tech- 
niques provide inadequate. Additional methodolo- 
gy will be necessary to elucidate the seemingly 
more complex mechanisms of toxicity reduction 
for these compounds. (See also W89-01892) (Au- 
thor’s abstract) 
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EFFECTS OF DIET QUANTITY ON SHEEPS- 
HEAD MINNOWS (CYPRINODON VARIEGA- 
TUS) DURING EARLY LIFE-STAGE EXPO- 
SURES TO CHLORPYRIFOS, 

Environmental Research Lab., Gulf Breeze, FL. 
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METHODOLOGY FOR DETERMINING THE 
RELATIONSHIP BETWEEN TOXICITY AND 
THE AQUEOUS SPECIATION OF A METAL, 
Battelle Pacific Northwest Labs., Richland, WA. 
C. E. Cowan, E. A. Jenne, and R. R. Kinnison. 
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Over the last decade, numerous investigators have 
tried to determine the link between the aqueous 
speciation of a metal and the metal’s toxicity to 
aquatic organisms. The high collinearity between 
the calculated activities of the aqueous chemical 
species as well as the underdetermined nature of 
many of the toxicity data sets have made identifica- 
tion of particular toxic species for a metal very 
difficult and quantification virtually impossible. 
The author’s suggested, in a recent paper, an ap- 
proach for determining the toxic chemical species 
of a metal and for determining and quantifying the 
relationship between a toxicity measure and the 
chemical speciation of a metal. Briefly, the ap- 
proach consists of first computing the aqueous 
speciation of the metal using the geochemical 
model, MINTEQ, with a thoroughly reviewed and 
partially-validated thermodynamic data base. Fi- 
nally, advanced statistical methods, which were 
determined to be stable when applied to collinear 
data and underdetermined systems, are applied to 
the thermodynamic activities of the metal species 
and toxicity measures to determine and quantify 
the relationship between the speciation and toxici- 
ty. To test the validity of this methodology, this 
study applied it to four copper toxicity data sets 
from the literature for which the primary toxic 
species have been tentatively identified by the 
original authors using qualitative techniques. The 
results of applying the methodology to these stud- 
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ies indicate that the primary toxic chemical species 
are the free copper ion and the hydroxide species 
and that the carbonate species are nontoxic. These 
findings largely confirm the results of previous 
qualitative analyses of the copper toxicity litera- 
ture. (See also W89-01892) (Lantz-PTT) 
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METHODOLOGY FOR ASSESSING THE 
ACUTE TOXICITY OF CHEMICALS SORBED 
TO SEDIMENTS: TESTING THE EQUILIBRI- 
UM PARTITIONING THEORY, 

Monsanto Environmental Sciences Center, St. 
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A method was developed to assess the acute toxici- 
ty of neutral hydrophobic organic compounds 
sorbed on sediments to the midge, Chironomus 
tentans and the daphnid Daphnia magna. Three 
soils with different organic carbon content were 
spiked with 14-C labeled kepone, placed in 250 ml 
clear polycarbonate centrifuge bottles, mixed with 
dilution water at a 4:1 water to soil ratio, shaken 
for 24 h, centrifuged, and tested. Midges and daph- 
nids (five each) were tested together in the same 
bottles. The 48-h LC sub 50 values were calculated 
for each species. The LC sub 50 values were 
calculated on the basis of the concentration of 
kepone on the sediment, the column water, and the 
sediment interstitial water. The data indicate that 
the route of exposure was the water and not the 
sediments per se. Midges were not found to have 
increased sensitivity in the presence of the sedi- 
ment. The data support sediment-water equilibrium 
partitioning theory and the carbon normalization 
theory for neutral organic chemical sorbed to soils 
or sediments. The advantages of this test are that it 
is rapid, uses disposable test containers, employs 
two species simultaneously, incorporates sediment 
as part of the test system, is performed under 
steady-state conditions between sediment and 
water for he chemical(s) of interest, and is based 
upon sorption/desorption theory for neutral organ- 
ic chemicals. Additional testing with other chemi- 
cal classes will demonstrate the broad utility of this 
method as an acute screening test for naturally 
contaminated sediments as well as laboratory 
spiked sediments. (See also W89-01892) (Author’s 
abstract) 
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COMPARISON OF LABORATORY AND 
FIELD METHODS FOR TESTING THE TOXIC- 
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Standard water exposure as well as sediment toxic- 
ity tests were performed in Monsanto laboratories 
and on-site at the Saginaw River in a mobile bioas- 
say trailer to develop sediment toxicity tests and 
assess the hazard of Pydraul SOE (PSOE) when 


sorbed to sediments. Sediment samples were col- 
lected from five river stations and tested in the 
field. Sediment concentrations of PSOE, an aryl 
phosphate ester hydraulic fluid, were determined 
for each site. The site furthest upstream contained 
the lowest level and was used as a control site. 
Both acute and chronic tests were performed with 
the sediments and with control sediments spiked 
with PSOE using the midge Chironomus tentans 
and the daphnids Daphnia magna and Ceriodaph- 
nia affinis. The results indicate that field toxicity 
tests conducted with river sediments and river 
water agreed within a factor of two with those 
obtained in the laboratory using spiked soils and 
well water. Acute sediment toxicity tests per- 
formed with C. tentans and D. magna together 
provided a rapid screen of the acute toxicity of 
Saginaw River sediments and PSOE spiked on river 
sediments. Chronic sediment tests with Ceriodaph- 
nia affinis provided a rapid sensitive measure of the 
toxicity of the Saginaw River sediments. Benthic 
species diversity in the Saginaw river and C. affinis 
reproduction in sediment toxicity tests were corre- 
lated (r = 0.59) and decreased as function of 
distance downstream from the control site. They 
did not correlate well with PSOE (r = -0.18) 
concentrations that ranged from < 0.01 to 11.31 
mg/kg. Margins of safety calculated for these sedi- 
ment concentrations ranged from 13 to 39,000 indi- 
cating that the potential of this chemical to impact 
Saginaw River benthic organisms is low. (See also 
W89-01892) (Author’s abstract) 
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American Society for Testing and Materials, Phila- 
delphia, PA. 

For primary bibliographic entry see Field 5C. 
W89-01930 
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Studies. 
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Algae from artificial substrates were collected 
from 36 softwater lakes in four geographic areas of 
central Canada. Determination of aluminum, man- 
ganese, cadmium, copper, nickel, lead, and zinc 
were made on the algae, water, and sediment. 
Sediment nutrients, water pH, alkalinity, and con- 
ductivity were also measured. One objective of the 
study was to evaluate algae as biomonitors of 
metals. Another was to determine the levels of 
metals in water and sediments as they related to 
other environmental variables. A multivariate ap- 
proach was used to analyze the data statistically. 
As pH decreased, metal concentration in water and 
algae increased. Sediment metals were unrelated to 
water pH, but were positively related to sediment 
organic level and algal metals. Sediment metals 
were approximately X1000 the metal concentra- 
tions in water, whereas algal metals were 1000 to 
X10,000 greater than water levels. An evaluation 
was made of algae as biomonitors of acid-stressed 
lakes. Their role in metal cycling in aquatic sys- 
tems is identified as an area for future research. 
(See also W89-01930) (Author’s abstract) 
W89-01931 
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CYANOPHAGE ASSAY AS A NEW CONCEPT 
IN THE STUDY OF ENVIRONMENTAL TOX- 
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For more than 15 years, a virus-based assay using a 
cyanophage/host system has been a reliable indica- 
tor of water quality in fresh and saline water, in 
sewage and water treatment, and in various la- 
gooned agricultural and industrial wastes. More 
recently, this host/virus model has been used in the 
study of toxic effects and their mechanisms of 
action. To comprehend specific effects at low 
doses better, toxicants are observed during the 
infectious cycle. The success of this approach de- 
pends on the genetic distinctions by which one 
host differs from another in its sensitivity to certain 
cyanophages. Five cyanophages and eight hosts 
constitute the currently used system. A host/virus 
system carries the analysis into the realm of molec- 
ular biology whose vast store of genetic informa- 
tion on similar systems can contribute to the bio- 
logical characterization of the blue-green algal 
system. Data acquired on formaldehyde, the s- 
triazine Actane, and the organophosphate pesti- 
cides Baytex and diazinon, indicate that the inter- 
action of low doses of toxicant during the infec- 
tious cycle need not be a simple function of dose 
and imply that an LD sub 50 (= median lethal 
dose) value, or the extrapolation of a laboratory- 
derived survival curve toward zero, may not be an 
accurate picture of environmental aquatic toxicity. 
In view of the current demand for in vitro screen- 
ing methods, the economy and relative simplicity 
of the cyanophage approach is of considerable 
significance. (See also W89-01930) (Author’s ab- 
stract) 
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Two diets were compared for the cladoceran, Cer- 
iodaphnia reticulata, for use in culturing and life- 
cycle toxicity tests. One diet was a suspension of 
dry yeast dissolved in distilled water and fed at a 
rate of 250 micrograms/animal. The other diet was 
prepared from frozen adult brine shrimp (Artemia 
salina) and distilled water, the aged supernatant of 
which was fed using 0.05 ml/animal. Animals were 
fed daily and water changed three times each 
week. The feeding study was conducted for ten 
generations using young per female and adult sur- 
vival as endpoints. The young production per 
female of surviving adults was comparable, but the 
longevity of the animals fed the yeast diet was 
considerably greater than that of the animals fed 
the shrimp diet. (See also W89-01930) (Author’s 
abstract) 
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Laboratory cultures of Daphnia magna were main- 
tained in hard well water and fed one of five 
different diets. Algal diets, trout chow diets, and 
diets combining algae and trout chow were evalu- 
ated. The acute toxicity (48-h LC sub 50) of C sub 
11.8 LAS (linear alkylbenzene sulfonate) to D. 
magna reared on the five different diets ranged 
between 3.6 and 4.7 mg/L. For daphnids that were 
fed during the acute test, the LC sub 50s ranged 
between 4.4 and 8.1 mg/L LAS. The addition of 
food to the acute test generally increased the LC 
sub 50. Diet had a statistically significant effect on 
the sensitivity of D. magna to the chronic toxicity 
of LAS. Chronic no-observed effect concentra- 
tions (NOECs) varied about three-fold (1.2 to 3.2 
mg/L) and 21-day LC sub 50s about two-fold (2.2 
to 4.7 mg/L) for daphnids fed the five diets. Sur- 
vival was generally the most sensitive indicator of 
chronic effects. Food concentration also had a 
significant effect on the response of D. magna to 
the chronic effects of LAS. Daphnia cultures re- 
ceiving lower concentrations of food were less 
sensitive to LAS than Daphnia cultures receiving 
higher food concentrations. Diet had at most 
three-fold effect on the results of Daphnia toxicity 
tests. A three-fold variability can be expected in 
Daphnia toxicity tests themselves. Therefore, use 
of any of the diets in this study should not affect 
the utility of the test results in assessing the envi- 
ronmental effects of detergent chemicals such as 
LAS. (See also W89-01930) (Author’s abstract) 
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Acute toxicity tests using Daphnia magna or D. 
pulex have been employed for many years to deter- 
mine the toxicity of effluents and toxic substances. 
However, the many factors that may affect the 
results of such tests have received little attention. 
Sequential, repetitive tests were conducted with 
the reference toxicants sodium dodecyl sulfate 
(SDS), sodium pentachlorophenate (PCP), and 
cadmium (Cd) to determine the single laboratory 
precision of acute 48-h toxicity tests using D. 
magna and D. pulex, and the effects of feeding on 
toxicity. The sensitivity of Daphnia to pH shock 
was also examined. Control survival was 90% or 
better in 94% of the tests, and 80% or better in 
89% of the tests. Survival of controls in tests 
where the organisms were fed was slightly higher 
than when they were not fed. The precision of the 
method, expressed as the relative standard devi- 
ation (percent coefficient of variation or CV) of 
the 48-h LC sub 50, for each reference toxicant, 


SDS, PCP, and Cd, was 43.8, 35.7, and 20.9% for 
D. pulex and 28.9, 10.4, and 72.4% for D. magna, 
respectively. No statistically significant differences 
(P = 0.05) were observed in 48-h LC sub 50 values 
obtained from paired tests with fed and unfed D. 
pulex exposed to PCP or Cd, or with D. magna 
exposed to SDS. However, the 48-h LC sub 50 
values were significantly different for fed and 
unfed D. magna exposed to PCP or Cd. D. pulex 
and D. magna were equally sensitive to SDS and 
PCP, but D. magna was significantly more sensi- 
tive to Cd than D. pulex, even though D. magna 
was tested in water of much greater hardness. 
Sudden changes in pH of not more than two pH 
units in the range of pH 5 to 9 resulted in no 
mortality over a six-day period. (See also W89- 
01930) (Author’s abstract) 
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The use of a partial life cycle test together with an 
application factor (AF) is a reliable way to esti- 
mate the traditional Daphnia magna 21-day GM- 
MATC. Application factors were determined for 
twelve different endpoints from 20 D. magna 21- 
day chronic tests by dividing the respective end- 
points by the 21-day GM-MATC for each chemi- 
cal. The data indicate that the 48-h no-effect con- 
centration, the 7-, 14-, and 21-day EC sub 50 
values, and the 7- and 14-day geometric mean no- 
effect/effect concentrations can be used with small 
AFs to reliably estimate the 21-day GM-MATC. 
The respective AFs are 2.9, 6.0, 2.0, 4.2, and 2.7. 
The cost associated with obtaining an estimate of 
the 21-day GM-MATC from a 2-, 7-, 14-, or 21-day 
study is $800, $5000, $10 000, and $15 000, respec- 
tively. The 48-h no-effect concentration provides 
the shortest and most effective test and does so 
without sacrificing accuracy. For purposes of 
ranking chemicals and obtaining preliminary esti- 
mates of environmental safety margins, the use of a 
48-h no-effect concentration from an acute toxicity 
test and an AF (33) is recommended as a cost 
effective way to estimate the chronic geometric 
mean maximum acceptable toxicant concentration 
(GM-MATC) for D. magna. The results of this 
study indicate that there are only minor differences 
between 14- and 21-day GM-MATCs. Therefore, 
it is recommended that standard protocols for test- 
ing D. magna be changed to require only a 14-day 
period of exposure instead of 21 days. The results 
of this study also provide evidence that a chronic 
test as short as 7 days could be conducted without 
significant loss of accuracy. (See also W89-01930) 
(Author’s abstract) 
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A new bioassay using larvae of the pitcher-plant 
mosquito, Wyeomyia smithii, was used to assess 
water for the presence of toxic contaminants. Pro- 
cedurally, the bioassay has the advantages of sim- 
plicity, minimum equipment requirements, and low 
maintenance. It is well suited for bioassays of 
water from remote sites because of the minimal 
amount of water (30 ml) necessary for each repli- 
cate. The bioassay was capable of detecting 30 
ppm of 1 Stroke Ves-Phene (a disinfectant deter- 
gent concentrate containing phenates), 5 ppb of 
heptachlor epoxide, and 100 ppb of malathion. In 
addition to reducing survival, toxicants caused de- 
layed development and produced signs of intoxica- 
tion unique to each substance. In another instance, 
the bioassay was used in the investigation of a f-h 
kill. Persistence of toxicity, delayed development, 
and non-nervous signs of intoxication indicated 
which samples were contaminated and suggested 
that heavy metals were involved. Subsequent anal- 
ysis revealed toxic levels of copper and elevated 
levels of zinc and manganese. (See also W89- 
01930) (Author’s abstract) 
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Fish predation has been recognized to influence 
community composition and structure, but has not 
been represented in experimental community tests 
of chemical effects. To investigate the feasibility of 
including vertebrate predation in 65-L micro- 
cosms, four species of small fish (Gasterosteus acu- 
leatus, Cottus asper, Poecilia reticulata, and Pime- 
phales promelas) were tested. These studies sug- 
gest that predation can be included in moderately 
sized microcosms only if exposure is restricted 
either by limiting the time of fish presence or by 
allowing the fish access to a limited portion of the 
microcosm. Predation was simulated by filtration 
of fixed proportions of the microcosms; no major 
changes were observed, which suggests that mi- 
crocosm communities can tolerate removal of at 
least 25% of selected zooplankton populations per 
week. Fish predation did not alter the ability to 
detect direct effects of a selective algicide (strepto- 
mycin) on the algae, but did reduce the ability to 
detect indirect effects on cladoceran and ostracod 
populations. (See also W89-01930) (Author’s ab- 
stract) 
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Duplicated flow-through exposure systems consist- 
ing of two diluters, operated simultaneously, were 
used to compare the bioconcentration of 14-C-di-n- 
hexylphthalate (14-C-DHP) by Daphnia magna 
under single-species (modular) or multispecies 
(mixed) model formats proposed for use as micro- 
cosms to estimate bioconcentration. Triplicate ex- 
posures of Daphnia in each diluter system were 
made under conditions which provided the 
followingpossible sources of DHP: (1) water only 
fed (Daphnia in mixed model fed unlabeled algae), 
(2) water only unfed, (3) water plus food (labeled 
algae), and (4) food only. Water levels of 14-C- 
DHP were maintained at approximately 0.22 mi- 
crograms/L. Algae (Selenastrum capricornutum), 
previously exposed in water with 0.08 micro- 
grams/L 14-C-DHP and used to feed Daphnia, 
contained approximately 0.11 micrograms 14-C- 
DHP/gm. Results at 24 h showed significantly (P 
< 0.05) higher accumulation of 14-C-DHP in 
Daphnia exposed to the combination of contami- 
nated food and water than any other treatment. 
Accumulation from exposures only to food was 
not different from controls. No differences were 
detected between the same treatments in the dupli- 
cate exposure systems. Coefficients of variation 
within a treatment combining replicates from both 
diluters (N > or = 4) averaged 18% and ranged 
from 8 to 32%. Exposures to 14-C-DHP in water 
only (Daphnia fed) were conducted in a mixed 
model system wherein Daphnia were subjected to 
controlled predation by bluegill sunfish (Lepomis 
macrochirus). Results from the mixed model sys- 
tems suggested that steady-state accumulation took 
longer than seven days to achieve. The measured 
bioconcentration factor (BCF) of 2350 for 14-C- 
DHP in D. magna was similar to values reported 
for other phthalate esters in microcrustaceans. 
Measured MCFs for the water only (48 h), food 
plus water (48 h), and the mixed model system (14 
days) were 1066, 1486, and 3254, respectively. 
Calculated BCFs, using a first-order steady-state 
equilibrium model were 998, 1414, and 4655, re- 
spectively, for the same three treatments. All BCFs 
reported are for total 14-C activity on a wet- 
weight basis. (See also W89-01930) (Author's ab- 
stract) 
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Sediments are a major factor influencing the fate 
and concentration of some toxicants. The use of 
sediment microbial activity in water quality assess- 
ment could enhance our ability to understand the 


53 


impact of many toxicants. Sediments from six di- 
verse lake sites were spiked with arsenic species, 
and effects on microbial activity were assessed 
with a test battery measuring dehydrogenase 
(TTC), acridine orange direct counts (AODC), 
formazan crystal production (INT), phosphatase, 
proteolysis, total direct counts (DC), direct viable 
counts (DVC), and total plate counts (TPC). Indi- 
vidual tests were modified for use in sediments. 
Oxygen, sediment age and volume, incubation 
time, diluent type, nutrient amendment, and agita- 
tion were studied as major variables. Phosphatase 
and TTC activity were higher in microaerobic 
sediment microcosms. DVC accurately detected 
microbial activity in water but not in sediments. 
INT assays revealed that sediments contain higher 
percentages of dormant bacteria than overlying 
waters. Arsenic generally failed to suppress 
enzyme activity in nutrient-stimulated sediments. 
TTC, phosphatase, and INT activity showed vari- 
able responses to arsenic additions, depending on 
test conditions. Proteolysis was suppressed by ar- 
senite under aerobic conditions after one month. 
Sediment bacterial isolates were not sensitive to 
arsenate, but they were very susceptible to arsen- 
ite. Important test modifications enabling accurate 
assessment with these assays include both sediment 
and nutrient concentrations, diluent type, and incu- 
bation condition. The activity test sequence de- 
scribed here demonstrates the diversity of microbi- 
al community response to model toxicants. The use 
of several microbial activity tests best defines the 
degree of stimulation or inhibition in sediment toxi- 
cology. The diverse and complex nature of typical 
sediments requires careful pretesting before accu- 
rate activity assays can be run. (See also W89- 
01930) (Author’s abstract) 
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A test method was developed to assess the toxicity 
of freshwater dredged sediments. Toxicity of con- 
taminated sediments was detected by monitoring 
survival and growth of fathead minnows (Pime- 
phales promelas), emergence and egg hatchability 
of midges (Paratanytarsus parthenogenica), surviv- 
al and reproduction of daphnids (Daphnia magna), 
and changes in microorganism populations. All 
organisms were exposed for 21 days in an appara- 
tus that recirculated water through a compartment 
containing the sediments. In addition, a ranking 
scheme was proposed with which bulk sediment 
analyses for chemical contaminants could be con- 
densed into a single value termed the hazard index. 
The hazard index was calculated for each sediment 
sample and was indicative of the degree of chemi- 
cal contamination of the sediment. Sediments were 
classified as highly polluted, moderately polluted, 
or relatively nonpolluted, based on their hazard 
index. Eighty-six dredged sediment samples were 
tested. All biological parameters measured, except 
midge egg hatchability, were instrumental in de- 
tecting toxicity associated with the sediments. Ef- 
fects were observed with 74% of the highly pollut- 
ed sediments, 38% of the moderately polluted sedi- 
ments, and 36% of the relatively nonpolluted sedi- 
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ments. The sublethal parameters measured were 
important indicators of toxicity. (See also W89- 
01930) (Author's abstract) 
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The relative toxicity of marine sediment can be 
accurately determined through acute, static bioas- 
says with the phoxocephalid amphipod Rhepoxyn- 
ius abronius. Mortality and sublethal effects on 
emergence from sediment and reburial behavior 
are determined after ten day exposure in 1-L beak- 
ers containing 175 ml of test sediment, 775 ml of 
seawater (25 ppt, 15 C), and 20 amphipods. Re- 
sponse of amphipods to test sediment is compared 
with response in control sediment collected from 
the species’ natural habitat. Mean survival under 
control conditions is 95%. With five replicates the 
bioassay is 75% certain of detecting statistical sig- 
nificance when mean survival is reduced by 15%. 
The method can be applied to a great variety of 
sediment types because of the tolerance of R. 
abronius to a broad range of sediment grain sizes 
and levels of organic enrichment. The bioassay can 
be applied to determine: (1) the toxicity of sedi- 
ment subject to regulatory decision (e.g., dredging 
or disposal), (2) the spatial distribution of sediment 
toxicity along pollution gradients or near point 
sources, and (3) the LC sub 50 of contaminants 
added to unpolluted sediment. The species’ sensi- 
tivity to low salinity limits the method to sediment 
from the coastal zone and lower portion of estu- 
aries. (See also W89-01930) (Author’s abstract) 
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The screening of effluent toxicity by comparing 
survival proportions between effluent-treated and 
control groups of test organisms is discussed. If the 
effluent is nontoxic, survival proportions should be 
similar for both groups. However, because of dif- 
ferences in sensitivity of individual test organisms, 
these proportions will not necessarily be identical. 
Furthermore, the number of organisms surviving 
from test to test will vary, even though identical 
effluent samples and identical laboratory proce- 
dures are used for all tests. Described here is a 
Statistical test for determining when effluent and 
control group survival proportions are significant- 
ly different, thereby indicating a potentially toxic 
effluent. The paper emphasizes the statistical 
power of the test for detecting effluents of various 
toxicities. It also evaluates the probability that an 
effluent will be incorrectly judged to be toxic. The 
four key statistical parameters that determine the 


usefulness of the test are described: statistical 
power (i.e., the probability of correctly recogniz- 
ing a toxic effluent); Type 1 error rate (i.e., the 
probability of incorrectly judging an effluent to be 
toxic); effect size (i.e., the true but unknown differ- 
ence between effluent and control long-run surviv- 
al proportions); and sample size. (Graphs showing 
the relationships between these four parameters are 
included). As the number of organisms used in the 
test is increased, the power of the test also in- 
creases. An experimental design procedure using 
this test and the statistical power-sample size trade- 
off is also described. (See also W89-01930) (Au- 
thor’s abstract) 
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The object of this study was to isolate and chemi- 
cally characterize the most acutely toxic fraction 
of a petroleum refinery wastewater. Daphnia 
magna static bioassays were used to characterize 
the relative toxicity of each fraction. Steam strip- 
ping the wastewater concentrated the toxicity in a 
volatile fraction. Activated carbon filtration re- 
moved the toxicity but cation exchange did not, 
indicating that organics are the toxic agents. Meth- 
ylene chloride extraction of the volatile portion at 
pH > 11 followed by silica gel column chroma- 
tography resulted in an aromatic residue which 
was acutely toxic when dissolved in culture water. 
The combination of selected fractionation followed 
by Daphnia bioassays of each fraction determined 
the characteristics of the most toxic fraction to be 
steam volatile, base-neutral, and aromatic. Eleven 
compounds (polycyclic aromatic hydrocarbons) 
with a total concentration of 1100 micrograms/L 
and accounting for 28% of the total peak area of 
the chromatogram were identified in the aromatic 
fraction by a gas chromatograph/mass spectrome- 
ter (GC/MS). The mass spectra of the unidentified 
compounds indicated that they were probably non- 
halogenated heterocyclics with molecular weights 
of 180 to 300, containing nitrogen, oxygen, or 
sulfur atoms. Some of the unidentified compounds 
appeared to be hydroxylated forms of the parent 
compounds which were identified. (See also W89- 
01930) (Author’s abstract) 
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ANALYSIS OF PESTICIDES IN WATER. 
VOLUME I: SIGNIFICANCE, PRINCIPLES, 
TECHNIQUES, AND CHEMISTRY OF PESTI- 
CIDES. 


CRC Press, Inc., Boca Raton, FL. 1982. 202 p. 
Edited by Alfred S. Y. Chau, B. K. Afghan, and 
James W. Robinson. 


Descriptors: *Pesticides, *Pollutant identification, 
*Chemical analysis, *Water analysis, Insecticides, 
Water quality, Organic compounds. 


Since analytical data are used for various stages in 
the activities of international and national environ- 
mental protection and pollution control, the ana- 
lytical data thus have far-reaching political, scien- 
tific, and financial implications and impact. When 
there is no information on the quality of data, the 
decisions based on them, at best, are questionable. 
At worst, if the data are poor, irrational decisions 
will result. Therefore, an effective quality assur- 
ance program is needed to ensure the reliability of 
data. Suitable analytical methodology is the first 
consideration in an effective quality assurance pro- 
gram for the generation of reliable data. Unlike the 
situation of inorganic pollutants, the nature of or- 
ganic pollutants is extremely complex and diversi- 
fied. The number and types of organic pollutants 
including pesticides are also constantly increasing 
and changing. In three volumes on pesticides, a 
detailed survey of the analytical methodology and 
the essential background information emphasizing 
the practical aspects derived from evaluation of 
literature data and laboratory experience is pre- 
sented. The pros and cons of the different methods, 
viewpoints, and approaches are also discussed. 
This first volume provides background information 
on pesticides, through discussions of: (1) environ- 
mental impact and significance of pesticides; (2) 
basic principles and practices in the analysis of 
pesticides; (3) positive identification of pesticide 
residues by chemical derivatization techniques; and 
(4) the chemistry of cyclodiene insecticides. (See 
W89-01969 thru W89-01972; W89-01973; W89- 
01977) (Lantz-PTT) 

W89-01968 


BASIC PRINCIPLES AND PRACTICES ON 
THE ANALYSIS OF PESTICIDES, 

National Water Research Inst., Burlington (Ontar- 
io). 

A. S. Y. Chau, and H. B. Lee. 

IN: Analysis of Pesticides in Water. Volume I: 
Significance, Principles, Techniques, and Chemis- 
try of Pesticides. CRC Press, Inc., Boca Raton, 
FL. 1982. p 25-81, 7 tab, 93 ref. 


Descriptors: *Pollutant identification, *Pesticides, 
*Chemical analysis, Insecticides, Organic com- 
pounds, Chemical analysis, Spectrometry, Color- 
imetry, Chromatography, Phosphorus, Organoch- 
lorine, Organophosphorus, Phenoxyalkanoic acid, 
Carbamates, Urea, Triazine, Atrazine, Carbaryl, 
Quality control, Carbofuran. 


According to their chemical structures, pesticides 
are classified as follows: (1) 0.c. - organochlorinat- 
ed insecticide; (2) o.p. - organophosphorus insecti- 
cide; (3) herbicide acid - an organic compound 
which has a substituted phenoxyalkanoic acid 
structure or its ester form such as 2,4-D or 2,4,5-T; 
(4) carbamate - an ester of substituted carbamic 
acid which usually has a general formula of 
R1IR2NCOOR3 (in some cases O is replaced by S) 
such as carbofuran, carbaryl, or benomyl; (5) urea 
herbicide - a compound with substituted urea 
structure RIR2ZNCONHR3, such as dinuron or 
linuron; (6) s-triazine - a herbicide with a substitut- 
ed 1,3,5-triazine structure, such as atrazine, sima- 
zine, Or prometryne; and (7) others - such as ura- 
cils, chlorinated phenols, organo-mercury and -tin 
compounds, as well as inorganic arsenical insecti- 
cides and many more. Analysis of pesticides can be 
grossly divided into two types: (1) pesticides in 
formulations; and (2) the residue analysis of pesti- 
cides. Analysis of pesticides in formulation is a 
macro analysis to give percentage of active ingre- 
dients present in the formulation by means of spec- 
trophotometric, colorimetric, and chromatogra- 
phic techniques. These methods are usually not 
applicable to residue analysis because of the lack of 
sensitivity and specificity. Pesticide residue analy- 
sis is extremely complex and tedious. It involves 
not only the analysis of the parent compounds, but 
also their metabolites, degradation products, or a 
combination of some of the above or all. Because 
of the complexity of residue analysis, two major 
types of analytical uncertainties may result: (1) true 
identify of the contaminant; and (2) real quantity of 
the contaminant analyzed. In order to assure the 
quality of analytical data, intra- and inter-laborato- 
ry quality control programs are required. Some 





fundamental aspects of quality control studies are 
discussed. (See also W89-01968) (Lantz-PTT) 
W89-01970 


POSITIVE IDENTIFICATION OF PESTICIDE 
RESIDUES BY CHEMICAL DERIVATIZA- 
TION-GAS CHROMATOGRAPHIC TECH- 
NIQUE, 

National Water Research Inst., Burlington (Ontar- 


io). 

A. S. Y. Chau. 

IN: Analysis of Pesticides in Water. Volume I: 
Significance, Principles, Techniques, and Chemis- 
try of Pesticides. CRC Press, Inc., Boca Raton, 
FL. 1982. p 83-172, 26 tab, 330 ref. 


Descriptors: *Chemical analysis, *Pollutant identi- 
fication, *Pesticides, *Gas chromatography, Moni- 
toring, Mass spectrometry, Physical properties, 
Chemical properties, Chromatography, Costs, 
Economic aspects, Organic compounds. 


The usefulness of the chemical derivatization tech- 
nique is not just confined to the confirmation of 
residue identity; in fact, this technique was first 
used for GC analysis of less volatile or labile 
compounds that called for derivatization to more 
volatile or more stable derivatives for successful 
GC analysis, particularly in the presence of sample 
coextractives. In conjunction with the increasing 
use of high pressure liquid chromatography 
(HPLC) derivatization becomes a key step in ap- 
plying this technique either before or after HPLC 
column separation to compensate for the limitation 
in the choice of HPLC detectors as compared to 
those available for GLC. There are several ap- 
proaches analysts can select to routinely confirm 
identify of a compound in a sample. If money is 
available, there is a tendency among analysts to 
persuade management to buy sophisticated and 
expensive equipment to do a job whereas simpler 
and cheaper procedures or equipments can per- 
form equally well. In this regard, many analysts 
favor the gas chromatography/mass spectroscopy 
(GC/MS) computer system rather than simpler 
and much cheaper procedures such as chemical 
derivatization techniques, p-values, and so on for 
confirming identify of pesticides in a routine labo- 
ratory even though the need of such a system may 
be practically and operationally questionable for 
this application. In several types of activities such 
as research monitoring, it is the effective tool to do 
the job. However, to use it only for confirmation 
of identify in a routine operation is overkill. Many 
laboratories are using chemical and/or physical 
procedures for confirmation of pesticides and other 
trace organic compounds in their routine oper- 
ation, partly because of the capital and mainte- 
nance costs of a GC/MS computer system and 
partly because it is used more efficiently and effec- 
tively for those areas, such as research, where such 
a system is really needed. (See also W89-01968) 
(Lantz-PTT) 

W89-01971 


CHEMISTRY OF THE CYCLODIENE INSEC- 
TICIDES, 

Carleton Univ., Ottawa (Ontario). Dept. of Chem- 
istry. 

J. W. ApSimon, and K. Yamasaki. 

IN: Analysis of Pesticides in Water. Volume I: 
Significance, Principles, Techniques, and Chemis- 
try of Pesticides. CRC Press, Inc., Boca Raton, 
FL. 1982. p 173-196, 39 ref, 57 ref, append. 


Descriptors: *Chemical analysis, *Cyclodiene, *In- 
secticides, Chemical reactions, Molecular struc- 
ture, Chemical properties, Wagner-Meerwein rear- 
rangements. 


The chemistry of the cyclodiene insecticides has 
been reviewed especially with respect to their be- 
havior in acidic or basic medium. Examples indi- 
cate that transannular reactions and Wagner-Meer- 
wein rearrangements are evidence that these insec- 
ticides are provided with the intrinsic molecular 
compactness leading to interesting and important 
chemical observations in the area of strained mole- 
cules. Chemical reactions of heptachlor, chlordane, 
aldrin, isodrin, dieldrin, endrin, and compounds 
similar to these are illustrated. (See also W89- 
01968) (Lantz-PTT) 
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ANALYSIS OF PESTICIDES IN WATER. 
VOLUME II: CHLORINE- AND PHOSPHO- 
RUS-CONTAINING PESTICIDES. 

CRC Press, Inc., Boca Raton, FL. 1982. 238p. 
Edited by A. S. Y. Chau, B. K. Afghan, and James 
W. Robinson. 


Descriptors: *Pesticides, *Pollutant identification, 
*Chemical analysis, *Water analysis, Organophos- 
phorus pesticides, Halogenated pesticides, Water 
quality, Organic compounds, Chorine compounds, 
Phosphorus compounds, Phenoxyalkyl acid. 


Since analytical data are used for various stages in 
the activities of international and national environ- 
mental protection and pollution control, the ana- 
lytical data have far-reaching political, scientific, 
and financial implications and impact. When there 
is no information on the quality of data, the deci- 
sions based on them, at best, are questionable. At 
worst, if the data are poor, irrational decisions will 
result. Therefore, an effective quality assurance 
program is needed to ensure the reliability of data. 
Suitable analytical methodology is the first consid- 
eration in an effective quality assurance program 
for the generation of reliable data. Unlike the situa- 
tion of inorganic pollutants, the nature of organic 
pollutants is extremely complex and diversified. 
The number and types of organic pollutants includ- 
ing pesticides are also constantly increasing and 
changing. In three volumes on pesticides, a de- 
tailed survey of the analytical methodology and 
the essential background information emphasizing 
the practical aspects derived from evaluation of 
literature data and laboratory experience is pre- 
sented. The pros and cons of the different methods, 
viewpoints, and approaches are also discussed. The 
second volume discusses: (1) organochlorine pesti- 
cides; (2) organophosphorus pesticides; and (3) 
phenoxyalkyl acid herbicides (CPHs). (See W89- 
01974 thru W89-01976; W89-01968; W89-01977) 
(Lantz-PTT) 
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ORGANOCHLORINE PESTICIDES, 

National Water Research Inst., Burlington (Ontar- 
io). Analytical Methods Div. 

H. B. Lee, A. S. Y. Chau, and F. Kawahara. 

IN: Analysis of Pesticides in Water. Volume II: 
Chlorine- and Phosphorus-Containing Pesticides. 
CRC Press, Inc., Boca Raton, FL. 1982. p 1-60, 18 
tab, 189 ref. 


Descriptors: *Halogenated pesticides, *Pesticides, 
*Chemical analysis, Chemical properties, Physical 
properties, Cyclodiene, DDT, Molecular structure. 


Most pesticides are synthetic chemicals, and could 
be classified by chemical type. However, pesticides 
can be more usefully classified by considering their 
intended targets. Organochlorine pesticides are in- 
secticides in target. Organochlorines consist of two 
different major groups based on their molecular 
structures, namely, the cyclodiene or diene group 
and the DDT group. Cyclodiene insecticides are 
cyclic compounds possessing the characteristic ‘en- 
domethylene bridged’ structure. With one excep- 
tion, all the cyclodiene insecticides are the Diels- 
Alder reaction products of hexachlorocyclopenta- 
diene and a suitable unsaturated compound. Chlor- 
dane, heptachlor, isodrin, and aldrin are products 
of Diels-Alder reactions; dieldrin, heptachlor epox- 
ide, and endrin are prepared by the epoxidation of 
aldrin, heptachlor, and isodrin, respectively. Toxa- 
phene, the exception, is produced by the chlorina- 
tion of camphor. All these compounds contain six 
or more chlorine atoms in the molecule. DDT and 
its analogs that contain two aromatic rings repre- 
sent the other major group in o.c. pesticides. Meth- 
oxychlor, DDD, perthane, and kelthane are some 
examples of this group. In pesticide residue analy- 
sis for environmental studies, cyclodiene and 
DDT-type insecticides together with lindane 
(gamma-benzene hydrochloride) are often encoun- 
tered. The analysis of organochlorines is discussed 
as is their structures, synthesis, and physical and 
chemical properties. (See also W89-01973) (Lantz- 
PTT 


W89-01974 


ORGANOPHOSPHORUS PESTICIDES, 
National Water Research Inst., Burlington (Ontar- 
io). 

A. S. Y. Chau, B. D. Ripley, and F. Kawahara. 

IN: Analysis of Pesticides in Water. Volume II: 
Chlorine- and Phosphorus-Containing Pesticides. 
CRC Press, Inc., Boca Raton, FL. 1982. p 61-154, 
12 fig, 20 tab, 311 ref, append. 


Descriptors: *Organophosphorus pesticides, *Pes- 
ticides, *Chemical analysis, *Path of poliutants, 
*Fate of pollutants, Water pollution effects, Water 
analysis, Hydrolysis, Chemical properties, Chemi- 
cal reaction, Phenols, Tissue analysis, Bioaccumu- 
lation, Water analysis. 


Organophosphorus (0.p.) insecticides have been 
used for agricultural purposes for at least 30 years. 
Since many of the organochlorine (0.c.) pesticides 
have been withdrawn from registered use because 
of the mounting evidence on their toxicity, persist- 
ence, and bioaccumulation in the environment, the 
0.p. insecticides have become one of the important 
groups of insecticides replacing the cheaper o.c.’s 
in many agricultural applications in the western 
world. Although o.p. pesticides, can be as toxic or 
even more toxic to humans and to aquatic life, 
their propensity for relatively short persistence 
favors their usage. Studies on the hydrolysis rate of 
0.p. pesticides indicate that these compounds are 
more labile than their o.c. counterparts; however, 
their decay in river water may be at rates suffi- 
ciently slow to constitute a potential pollution 
hazard. In the aquatic environment, one major 
type of breakdown product of the o.p. pesticides 
containing a phenol or thiophenol group is the 
phenol moiety arising from hydrolysis. Phenolic 
compounds are known to affect the odor and qual- 
ity of drinking water and they may be chlorinated 
in some types of water treatment plants to produce 
undesirable chlorinated compounds. Methods spe- 
cific for water analysis are discussed and a suitable 
multi-residue method is detailed. The methodology 
of the chosen procedure is discussed in detail. As 
yet, there is no multi-residue method designed 
specifically for the analysis of o.p. pesticides in 
sediment and fish samples; however, some discus- 
sion on the analysis of these substrates is included 
based on published methods for soil, plants, and 
animal tissue. (See also W89-01973) (Lantz-PTT) 
W89-01975 


PHENOXYALKYL ACID HERBICIDES (CPHS), 
Ontario Ministry of Agriculture and Food, 
Guelph. Pesticide Residue Lab. 

G. J. Sirons, A. S. Y. Chau, and A. E. Smith. 

IN: Analysis of Pesticides in Water. Volume II: 
Chlorine- and Phosphorus-Containing Pesticides. 
CRC Press, Inc., Boca Raton, FL. 1982. p 155-227, 
5 fig, 22 tab, 175 ref. 


Descriptors: *Pollutant identification, *Phenoxyal- 
kyl acids, *Herbicides, *Water analysis, Chemical 
analysis, Extraction, Chemical reactions, Esters, 
Adsorption, Solubility. 


The analytical procedures for the extraction and 
quantitation of chlorophenoxy alkanoic acids have 
been known for some time. Procedures involve 
extracting solvents which vary from acetone, ace- 
tonitrile, 2-propanol, methanol, ethanol, benzene, 
and diethyl ether to sodium and potassium hydrox- 
ide and bicarbonate solutions. After extraction, 
which in most cases is associated with acidic or 
alkaline hydrolysis, the phenoxyalkanoic acids are 
partitioned in order to purify and separate them 
from substrates. To render the acids suitable for 
FLC quantitation, they are esterified, and a column 
cleanup introduced. The recoveries including es- 
terification losses vary from 75 to 95% or better. It 
has been known for some time that, in general, 
recovery data are not reliable, in particular with 
short-time fortification and, therefore, considerable 
care should be exercised when analytical methods 
are evaluated. The conjugation (about 10%), the 
solubilities in water (40 to 600 ppmw), the glass 
adsorption (occasionally complete), contamination, 
and derivatization efficiency (45 to 99%) are fac- 
tors responsible for fluctuation in analytical results. 
(See also W89-01973) (Lantz-PTT) 
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ANALYSIS OF PESTICIDES IN WATER. 
VOLUME III: NITROGEN-CONTAINING PES- 
TICIDES. 

CRC Press, Inc., Boca Raton, FL. 1982. 248p. 
Edited by Alfred S. Y. Chau, B. K. Afghan, and 
James W. Robinson. 


Descriptors: *Pesticides, *Pollutant identification, 
*Chemical analysis, *Water analysis, Water qual- 
ity, Organic compounds, Herbicides, Triazine, 
Urea, Carbamates. 


Since analytical data are used for various stages in 
the activities of international and national environ- 
mental protection and pollution control, the ana- 
lytical data have far-reaching political, scientific, 
and financial implications and impact. When there 
is no information on the quality of data, the deci- 
sions based on them, at best, are questionable. At 
worst, if the data are poor, irrational decisions will 
result. Therefore, an effective quality assurance 
program is needed to ensure the reliability of data. 
Suitable analytical methodology is the first consid- 
eration in an effective quality assurance program 
for the generation of reliable data. Unlike the situa- 
tion of inorganic pollutants, the nature of organic 
pollutants is extremely complex and diversified. 
The number and types of organic pollutants includ- 
ing pesticides are also constantly increasing and 
changing. In three volumes on pesticides, a de- 
tailed survey of the analytical methodology and 
the essential background information emphasizing 
the practical aspects derived from evaluation of 
literature data and laboratory experience is pre- 
sented. The pros and cons of the different methods, 
viewpoints, and approaches are also discussed. The 
third volume discusses: (1) carbamates; (2) the sub- 
stituted urea herbicides; and (3) triazine herbi- 
cides). (See W89-01978 thru W89-01980; W89- 
01968; W89-01973) (Lantz-PTT) 
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CARBAMATE PESTICIDES, 

Ontario Ministry of Agriculture and Food, 
Guelph. Pesticide Residue Lab. 

B. D. Ripley, and A. S. Y. Chau. 

IN: Analysis of Pesticides in Water. Volume III: 
Nitrogen-Containing Pesticides. CRC Press, Inc., 
Boca Raton, FL. 1982. p 1-182, 69 fig, 28 tab, 804 
ref, append. 


Descriptors: *Pollutant identification, *Pesticides, 
*Path of pollutants, *Fate of pollutants, *Biodegra- 
dation, *Carbamates, *Chemical analysis, Organic 
compounds, Insecticides, Literature review, Meth- 
ylcarbamate. 


The ‘carbamate’ class of pesticides is quickly gain- 
ing importance in the field of pest control. Gener- 
ally the carbamate insecticides demonstrate a high 
insect toxicity, but have a low toxicity towards 
warm blooded nontarget species, are more biode- 
gradable and less persistent than the organochlor- 
ine (0.c.) pesticides, and have relatively less toxic 
decomposition products. The biological activity of 
synthetic carbamate pesticides is due to the type of 
substitution to the basic carbamate moiety that 
results in these compounds being effective insecti- 
cides, herbicides, Lasishin, nematicides, miti- 
cides, and molluscicides. The insecticidal carba- 
mates are derivatives of carbamic acid and are 
therefore structurally related. Most of the herbici- 
dal and fungicidal carbamates differ structurally 
from the carbamate insecticides, being primarily 
thiocarbamates and dithiocarbamates, respectively. 
The intensive use of carbamates and other pesti- 
cides in concentrated agricultural areas usually 
near waterways suggests that continued studies 
should be done to develop baseline levels in envi- 
ronmental samples. Residues of carbamate pesti- 
cides in the environment often appear to be tran- 
sient, but after point source contamination (due to 
spills, misapplication, runoff, etc.) the level of resi- 
dues can often contribute significantly to the aquat- 
ic system and cause direct short-term toxic effects. 
Residue methods need to be expanded to allow the 
monitoring of many carbamates that are routinely 
used but not often analyzed. Some aspects of the 
general chemistry, environmental persistence, and 
metabolism of carbamate pesticides are covered, 
but the major emphasis is concerned with analyti- 
cal residue methodology. The discussions are de- 


voted primarily to the carbamate insecticides, spe- 
cifically the N-methylcarbamates, but the other 
carbamate pesticides are considered. Although a 
comprehensive literature review is not intended, 
most of the major contributions have been consid- 
ered and several of the more common analytical 
procedures have been detailed. (See also W89- 
01977) (Lantz-PTT) 
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SUBSTITUTED UREA HERBICIDES, 
Agriculture Canada, Regina (Saskatchewan). Re- 
search Station. 

A. E. Smith, and R. Grover. 

IN: Analysis of Pesticides in Water. Volume III: 
Nitrogen-Containing Pesticides. CRC Press, Inc., 
Boca Raton, FL. 1982. p 183-211, 14 tab, 59 ref. 


Descriptors: *Pollutant identification, *Urea, 
*Herbicides, *Path of pollutants, *Water analysis, 
*Fate of pollutants, Physical properties, Chemical 
analysis, Chemical properties, Toxicity, Molecular 
structure, Monuron, Fenuron, Diuron, Neburon, 
Sediment, Aquatic plants. 


The substituted urea herbicides are derivatives of 
urea (H2NCONH2), and the first compounds to be 
synthesized contained an amino moiety fully substi- 
tuted with alkyl or alkoxy groups, while the 
second amino function contained a single mono- or 
di-halogenated phenyl group. Currently there are 
about 20 such aryl-dialkyl or aryl-alkyl-alkoxy urea 
derivatives and 10 structures based on heterocyclic 
substituents available as herbicides. Monuron, the 
first phenylurea herbicide to be synthesized, was 
described in 1951, and several other substituted 
ureas were quickly developed, such as fenuron, 
diuron, and neburon, setting the commercial use of 
urea derivatives as herbicides on a practical basis. 
The use and application of these substituted urea 
herbicides, with their synthesis, physical proper- 
ties, chemical properties, and toxicological proper- 
ties are reported. Environmental aspects, review of 
analytical procedures, analytical methodology, and 
detailed analytical procedures are discussed. (See 
also W89-01977) (Lantz-PTT) 
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TRIAZINE HERBICIDES, 

Agriculture Canada, Regina (Saskatchewan). Re- 
search Station. 

A. E. Smith, D. C. G. Muir, and R. Grover. 

IN: Analysis of Pesticides in Water. Volume III: 
Nitrogen-Containing Pesticides. CRC Press, Inc., 
Boca Raton, FL. 1982. p 213-239, 11 tab, 88 ref. 


Descriptors: *Pollutant identification, *Triazine 
pesticides, “Herbicides, *Path of pollutants, 
*Water analysis, Chemical analysis, Sample collec- 
tion, Sample preparation, Molecular structure, 
Atrazine, Simazine, Terbutryn. 


With few exceptions, the triazine herbicides are 
based on a s-triazine structure containing two sub- 
stituted amino groups, while the third ring carbon 
atom possesses a chloro-, methoxy-, or azido- 
grouping. There are about 25 triazine derivatives 
that have been developed as commercial herbicides 
or are in experimental use. The most commonly 
used triazine herbicides are undoubtedly atrazine 
and simazine, which are extensively used through- 
out the world. The use patterns of the most com- 
monly encountered triazine herbicides are summa- 
rized in tables, together with their application 
rates. Simazine and terbutryn are the only triazine 
herbicides used for the selective control of algae 
and submerged weeds in aquatic situations such as 
ponds, swimming pools, recirculating water cool- 
ing towers and fountains. Formulations and appli- 
cation rates, synthesis, physical properties, chemi- 
cal properties, and toxicological properties are re- 
ported. Environmental aspects, a review of analyti- 
cal procedures, analytical methodology, sample 
collection, preservation, and preparation, and de- 
tailed analytical procedures are also included. (See 
also W89-01977) (Lantz-PTT) 
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ANOMALIES IN OIL AND GREASE ANALY- 
SES OF PETROLEUM WASTEWATERS AND 
THEIR IMPLICATIONS, 


Shell Oil Co., Houston, TX. 
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IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
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sea, Michigan. 1988. p 151-162, 11 fig, 6 tab, 20 ref. 


Descriptors: “Wastewater treatment analysis, 
*Water analysis, *Pollutant identification, *Oil 
wastes, *Grease, *Oil, Phenols, Organic com- 
pounds, Industrial wastewater, Chemical analysis, 
Oil refineries, Biodegradation, Gravimetry, Hydro- 
carbons. 


The presence of certain soluble organics, such as 
phenolics, short chain carboxylics and naphthenic 
acids, in refinery wastewater streams causes signifi- 
cant interferences in oil and grease analyses. In 
certain cases, the interference results in oil and 
grease concentrations 200% higher than the true 
hydrocarbon concentration in refinery waste. The 
degree of interference depends on the method used 
in the analysis. The EPA specified Method 503A/ 
partition-gravimetric procedure and some oil/ 
water monitors using the extraction/IR principle 
will extract the greatest quantity of soluble compo- 
nents. Thus, without some sort of modifications, 
they are the least preferred methods for analysis of 
refinery wastewater samples. The Soxhlet/Method 
503C will be affected by certain naphthenic com- 
ponents, but not the low molecular weight com- 
pounds. The Hydrocarbons/Method 503E only de- 
tects the immiscible oil phase and is least affected 
by the soluble oil and grease components. The 
modified oil/water monitor procedure, with pH of 
sample elevated to 12 prior to extraction, can give 
a good estimate of the ‘true’ oil content. The 
soluble oil and grease components have been 
shown to be easily biodegradable. Under normal 
conditions, they would not cause inhibition, pass- 
through, or sludge accumulation problems for the 
receiving public operated treatment works. The 
data base used in the Development Document for 
Pretreatment may not be based solely on the EPA 
specified Method 503A oil and grease analytical 
procedure. The significant interference problem 
caused by the soluble components was apparently 
not being taken into consideration in the establish- 
ment of the pretreatment standard for oil and 
grease. It is believed that specifying Method 503A 
in analyzing wastewater samples under the current 
pretreatment program may be inconsistent with the 
database and may not be justified by the original 
objective of the standard. (See also W89-02006) 
(Lantz-PTT) 
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In Wisconsin, the expiration of 36 pulp and paper 
mill NPDES permits in late 1986 and early 1987 
presented an opportunity for the Wisconsin De- 
partment of Natural Resources, to gain experience 
with recently developed 7-day chronic bioassays. 
As part of their application for permit reissuance, 
these 36 permittees were requested to perform 7- 
day chronic bioassays on their wastewater dis- 
charges. The Department believed that the bioas- 
say results, in addition to the extensive analytical 





data on chemical parameters normally submitted 
by the permittee in the reissuance application, 
would provide a broader data base to evaluate 
effluent toxicity. The results of the 37 toxicity tests 
were received by the Department to date, but 
because of a lack of homogeneity of variance 
among the data, as indicated by significance using 
Bartlett’s test (P < 0.05), Steel’s Many-One Rank 
tested was used instead of Dunnett’s procedure to 
statistically analyze the data for 24 of 36 Cerio- 
daphnia dubia data sets and 4 of 37 larval fathead 
minnow data sets. Chronic toxicity in excess of the 
State’s criteria was evident in only 5 effluents. 
Inadequate data and concerns about the test proto- 
cols prevent the Department from conclusively 
identifying the toxicity of individual mill effluents. 
However, the data as a whole indicate the exist- 
ence of acute and chronic toxicity within this 
industrial category. The C. dubia and larval fat- 
head minnow 7-day sub-chronic toxicity tests can 
be useful for evaluating effluent toxicity. However, 
further development and standardization of the test 
rotocols must be made before whole effluent tox- 
icity limits are placed in the WPDES permits. (See 
also W89-02006) (Lantz-PTT) 
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North Carolina State Univ. at Raleigh. Dept. of 
Civil Engineering. 
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In the first of two volumes on heavy metals in 
wastewater attention is focussed on the sources 
and analysis of the metals and on legislation aimed 
at at their control. The six chapters include: (1) a 
definition of the scope of the problem; (2) sources 
of heavy metals in wastewater; (3) pollution con- 
trol legislation; (4) determination of heavy metals 
in wastewater matrices; (5) chemical speciation of 
heavy metals in sewage sludge; and (6) physical 
and electrochemical speciation. (See W89-02098 
thru W89-02104) (Lantz-PTT) 
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R. M. Sterritt. 

IN: Heavy Metals in Wastewater and Sludge 
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Of the variety of analytical techniques available for 
the determination of heavy metals, atomic absorp- 
tion spectrophotometry fulfills most of the require- 
ments of sensitivity, specificity, accuracy, practica- 
bility, and economy and is probably the most fre- 
quently used method for environmental samples. 
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Atomization is normally achieved either by aspira- 
tion of the liquid sample into an air-acetylene or 
nitrous oxide-acetylene flame which can generate 
temperatures of up to about 2300 and 3000 C, 
respectively. Electrothermal atomization, using 
graphite cups, rods, or tubes has, in the last 25 
years, developed to the extent where it offers an 
attractive alternative analytical capability for 
atomic absorption. The extensive proliferation of 
analytical methodology, particularly that based on 
electrothermal atomization, is evidenced by the 
extensive current reviews of the literature. It must 
be stated, however, that only a small proportion of 
the current research in atomic absorption spectro- 
photometry and other methods, including neutron 
activation analysis, X-ray fluorescence, inductively 
coupled plasmas, and polarographic techniques, is 
directed towards the analysis of municipal 
wastewaters and similar matrices. In view of the 
nature of the matrices involved, these wastewaters 
should be afforded special attention. This chapter 
will be confined almost entirely to these matrices. 
Some of the elements considered may not quality 
as heavy metals, but are included to illustrate cer- 
tain principles. (See also W89-02097) (Lantz-PTT) 
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Little attention has been paid to heavy metal speci- 
ation in samples such as sewage, sewage effluent, 
and sludge due to the incidence of various matrix 
interference effects and some uncertainty about the 
validity of sensitive and specific analytical tech- 
niques applied to these complex samples. In 
wastewater treatment processes, approaches to 
speciation have been relatively unconcerned with 
direct toxic effects per se, but rather with under- 
standing the partition of heavy metals into various 
forms or fractions which will ultimately determine 
their dispersion and impact in the environment. 
The contrasts between heavy metal speciation in 
natural waters and wastewaters and the environ- 
mental significance of each may ultimately lead to 
important conceptual differences in the rationale 
behind speciation in simple and complex matrices. 
The elements which have been considered most 
often in speciation studies are Cd, Cu, Pb, and Zn, 
and, to a lesser extent, Ni, Hg, Mn, Cr, and Co. 
Analytical limitations may be a major reason for 
the exclusion of other elements from many studies. 
However, the elements primarily of interest in 
wastewater matrices will be those recognized as 
important pollutants and those specified in water 
quality criteria and sewage sludge disposal legisla- 
tion. Analytical techniques (as well as theoretical 
analysis) for speciation determination discussed in- 
clude: (1) physicochemical and electrochemical 
techniques, ion-specific electrodes, ion exchange, 
and polarography; and (2) physical separations - 
gel filtration chromatography and membrane filtra- 
tion. (See also W89-02097) (Lantz-PTT) 
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The development of methods in environmental 
virology became a focus of growing interest about 
two decades ago. In the natural environment, even 
in relatively clean waters, substances such as 
humic and fulvic acids interfere with viral recover- 
ies and average recovery rates probably do not 
reach 20%. With sewage sludges and shellfish, 
recoveries are undoubtedly much lower. Yet even 
relatively low viral recovery rates have made 
sible the detection of viral hazards in drinkin 
waters, recreational waters, sludges, and in shell- 
fish and shellfish-growing waters. Improving 
methods, as they are developed in the years to 
come, will undoubtedly bring the true extent of the 
hazards into better perspective. Techniques for 
recovering viruses from sewage effluents, sludge, 
aerosols, soils and aquatic sediments are discussed 
along with mechanisms of adsorption and elution 
of viruses from the environment, and microbiologi- 
cal techniques for their identification and quantifi- 
cation. (See W89-02112 thru W89-02120) (Lantz- 


PTT) 
W89-02111 
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Major advances have been made in the last two 
decades in the development of methods for con- 
centrating viruses from large volumes of water. 
Development of microporous adsorption-elution 
techniques made possible the first practical field 
methods for concentrating enteroviruses from 
drinking water, sewage, and seawater. Although 
this method still has many inherent limitations, 
continued improvements have led to increased effi- 
ciencies of enterovirus recoveries and its use with 
other members of the enteric virus group such as 
rotaviruses and hepatitis A virus (enterovirus 72). 
These systems make possible the routine monitor- 
ing of water for enteric viruses. The flexibility of 
these systems to modification and increased knowl- 
edge of virus surface interactions should lead to 
continued improvement in this technology. Al- 
though microporous filter systems have proved 
successful for concentrating viruses, this does not 
portend the abandonment of other technologies. 
Other methods may be more appropriate when 
smaller volumes need to be processed or where 
microporous filters are not readily available or are 
too costly. Although ultrafiltration is still a promis- 
ing alternative, it suffers from lack of portability, 
high equipment costs, and it has not yet been 
evaluated with water of varying quality. (See also 
W89-02111) (Lantz-PTT) 
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Methods used for quantifying viruses in sludges 
and solids in water may be classified in two major 
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groups. The first group consists of directly assay- 
ing samples collected in the field, samples mixed 
with buffer, or supernates and filtrates produced 
from samples mixed with buffer. The second group 
entails recognition of the great extent to which 
many types of viruses adsorb onto solids. Within 
this group are approaches in which collected solids 
are mixed with an eluting agent and a subsequently 
produced eluate is assayed for viruses. Some re- 
searchers have combined the two approaches. 
Here, whole sludge is mixed with an eluting buffer, 
the solid are collected and resuspended in fresh 
buffer, and the supernates from both the buffer- 
sludge mixture (representing direct assay) and the 
resuspended solids (representing elution) are as- 
sayed for viruses. Several types of diluents and 
elution buffers have been used for recovering vi- 
ruses from sludges and solids. These include dis- 
tilled water, saline, detergents, high pH amino acid 
buffers, and solutions of dissolved organic materi- 
als that may or may not contain buffering salts. 
Combinations of these eluates have also been eval- 
uated. A variety of methods have been tested for 
concentrating sewage sludges and waterborne 
solids that contain viruses. Concentration is helpful 
when it increases the ability to detect viruses 
present in small numbers, and when it reduces the 
high cost of assaying large quantities of material. 
The approaches that have been evaluated for this 
purpose include: high speed centrifugation to pellet 
the virus, filter adsorption-elution, two-phase poly- 
mer treatment, chemical precipitation, hydroex- 
traction, organic flocculation, and adsorption onto 
clay solids. Of these methods, those with the great- 
est recent interest are hydroextraction and organic 
flocculation. (See also W89-02111) (Lantz-PTT) 
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Texas Univ. at Austin. Dept. of Civil Engineering. 
C. A. Sorber. 

IN: Methods for Recovering Viruses from the 
Environment. CRC Press, Inc., Boca Raton, Flori- 
da, 1987. p 53-65, 2 fig, 4 tab, 26 ref. 


Descriptors: *Wastewater aerosols, ‘*Pollutant 
identification, *Aerosols, *Viruses, Monitoring, 
Polymers, Polyethylene glycol, Bioassay. 


Quantification of airborne viruses from environ- 
mental sources is a tedious process. Although sam- 
pling equipment is available and methodologies 
ave been developed to accomplish this task, they 
are not readily adaptable to routine monitoring 
efforts. Thus, determining virus concentrations of 
environmental aerosols must be relegated to the 
category of special studies or research. In fact, 
there is no standard approach to this problem. 
Each study design must be tailored to the specific 
site, and it must consider the physical, meteorolog- 
ical, and microbiological conditions of the site. 
Nevertheless, the methodologies presented (two- 
phase polymers systems, polyethylene glycol, and 
viral assays) have been useful in answering some of 
the questions about exposure to human viruses 
from a number of sources. (See also W89-02111) 
(Lantz-PTT) 
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Considerable emphasis has been placed upon the 
development of methods that allow the recovery 
of small numbers of viruses from relatively large 
volumes (up to 1000 L) of tapwater. Two recent 
developments, have given impetus to research on 
methods for recovering viruses from soils and 
aquatic sediments. First, recent legislation (PL 92- 
500) has encouraged the disposal of wastewater 


effluents and residuals on agricultural soils. 
Second, it is now recognized that aquatic sedi- 
ments may act as reservoirs for bacterial and viral 
pathogens. Detection methodology for viruses in 
soils and sediments is now in the early stages of 
development and more attention should be focused 
in this area. Most investigators agree that elution at 
pH 9 is safer than elution at pH 11 because certain 
viruses of public health importance (e.g., rotavir- 
uses) are sensitive to high pH levels. More efforts 
need to be devoted to the evaluation of existing 
methods under field situations. (See also W89- 
02111) (Lantz-PTT) 
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Enteric virus contamination of coastal waters, sedi- 
ments, and shellfish has been documented by re- 
covery of viruses from environmental samples and 
by the occurrence of water- and shellfish-borne 
enteric virus disease outbreaks, such as hepatitis A 
and viral gastroenteritis. The use of methods for 
detecting enteric viruses is not yet routine because 
these methods are technically complex, lengthy, 
costly, and of unknown effectiveness for many 
viruses of interest. The efficiency of methods for 
detecting enteric viruses in shellfish, seawater, and 
sediments is likely to vary with the types, amounts, 
and conditions of viruses in the samples, the char- 
acteristics, quality, and size of the samples, and the 
characteristics of the virus recovery and assay 
procedures themselves. Most of the methods have 
not been evaluated systematically for precision and 
accuracy through extensive inter- and intra-labora- 
tory studies, or for recovery of hepatitis A virus, 
human rotaviruses, Norwalk virus, and other diffi- 
cult-to-cultivate viruses which have been implicat- 
ed most often in water- and shellfish-borne disease 
outbreaks. Recently, many candidate methods for 
enteric virus detection in shellfish, seawater, and 
sediments were compiled and described in detail, 
and a few were collaboratively tested. Methods for 
the virological examination of shellfish, seawater, 
and sediments are critically reviewed. Some of the 
most promising candidate methods are described in 
detail. (See also W89-02111) (Lantz-PTT) 
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Microporous filter adsorption-elution methods for 
concentrating human enteroviruses from large vol- 
umes of water seem to be applicable to the concen- 
tration of enterovirus 72 (hepatitis A virus) and 
rotaviruses from water and wastewater. Beef ex- 
tract at slightly alkaline pH is preferred to glycine 
buffer at high pH (11.5) for eluting viruses from 
filters. Viruses can be reconcentrated from primary 
eluates by organic flocculation and iron oxide ad- 
sorption-elution. Both are simple and inexpensive 
methods that produce small volumes of concen- 
trates that are minimally toxic to cell cultures. 
Improvements are needed to increase the efficien- 
cy and applicability of these methods for different 
environmental samples. The development of a 
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third step concentration method for further reduc- 
ing sample size is needed for detecting hard-to- 
cultivate viruses by immunological methods. (See 
also W89-02111) (Lantz-PTT) 
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Although many of the current enzyme immunoas- 
say (EIA) tests for viral antigens have not realized 
their potential, there are reasons to believe this 
situation will improve. For detection of antigen, 
which offers a rapid and direct means of diagnos- 
ing microbial infections, the major problem has 
been lack of sensitivity. Increasing the sensitivity 
of polyclonal EIA tests by using more concentrat- 
ed immunoreagents or more sensitive enzyme sub- 
strates has often resulted in a loss of specificity. A 
similar problem with sensitivity exists with nucleic 
acid hybridization techniques. Current tests require 
1,000 to 100,000 infectious units of virus for detec- 
tion, which is similar to that required for EIA. For 
direct detection of viruses in environmental sam- 
ples, concentration of the samples is needed with 
the present level of sensitivity of the nonculture 
methods. Even with concentration, the ability to 
detect virus would depend on the sample tested. 
For example, the number of infectious viruses 
present in sewage may be in the range of 100 to 
1000 or more per liter, whereas river water may 
contain only 10 or less infectious viruses per liter. 
For identification of specific virus types, such as 
rotaviruses, a monoclonal antibody-based EIA test 
might be suitable. For a more broad-spectrum 
assay, probes that react with more than one entero- 
virus type, such as the one for poliovirus described 
above, may also be applicable to the same kind of 
samples. Further development and simplification of 
nucleic acid detection methods are required, how- 
ever, to be practical for routine use. (See also W89- 
02111) (Lantz-PTT) 
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Primary cell cultures are the most sensitive host 
systems for recovering enteric viruses from envi- 
ronmental waters. It is possible to use continuous 
lines in place of primary cell cultures, but care 
must be taken that the subline used is a sensitive 
one. Careful selection of both a monkey and a 
human line will maximize the range of viruses 
detected. Of the lines that have been explored, 
HeLa-R, BGM, and RD seem to be the best substi- 
tutes for primary cultures. More monkey cell lines, 
such as MA-104 and LLC-MK sub 2, should be 
tested to determine their usefulness for recovering 
viruses from wastewater samples. It is possible that 
future virus recovery systems may include immun- 
ochemical assays in combination with cell culture 
systems. One of the challenges of water virology is 
the detection of enteric viruses that are not easily 
recovered in cell culture systems. Moreover, it is a 
continuing challenge to find reliable, sensitive cell 
substrates tht cen detect the many cytopathic 





human pathogenic viruses in the water environ- 
ment. (See also W89-02111) (Lantz-PTT) 
W89-02120 


VARIATION IN QUANTIFICATION OF CON- 
CENTRATIONS OF TOXIC CHEMICALS IN 
FISH FROM THE LAURENTIAN GREAT 
LAKES: THE GOOD, THE BAD AND THE 
MANAGEABLE, 

Michigan State Univ., East Lansing. Dept. of Fish- 
eries and Wildlife. 

For primary bibliographic entry see Field 5B. 
W89-02122 


EFFECTS OF CONTAMINANTS ON ALGAE: 
AN OVERVIEW, 

Department of Fisheries and Oceans, Burlington 
(Ontario). Great Lakes Fisheries Research Branch. 
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Oita 


This study focused on methods of identifying po- 
tentially hazardous chemicals using a set of three 
tests: a growth inhibition test with algae Chlorella 
vulgaris, an acute an reproduction test with Daph- 
nia magna, and an acute test with fish Oryzias 
latipes, and their QSARs. Twenty chemicals 
having a wide range of toxicity and bioaccumula- 
tion rates to fish were tested according to the 
OECD guidelines. The correlations between toxic- 
ity of different species as well as toxicity and n- 
octanol/water partition coefficient (P sub ow) or 
solubility in water (Sol) were examined. Except for 
several chemicals, the results showed that: (1) 
chemicals highly toxic to one species are likely to 
be highly toxic to others; (2) toxicity values corre- 
late to P sub ow and/or Sol; and (3) chronic 
toxicity values are approximately 1/10 of acute 
toxicity values for the same test organism. This 
suggests that chemicals can be divided into two 
groups - a general correlation group (GCG) 
having the same non-specific mode of action to 
various organisms of which toxicities might have a 
fairly good correlation to P sub ow and/or Sol, 
and a non-general correlation group. If the correla- 
tions of GCG between toxicity and toxicity, as 
well as toxicity and P sub ow and/or Sol are 
standardized by further data and theoretical basis, 
the concept of GCG will become a practical tool 
for the evaluation of the danger chemicals repre- 
sent. (See also W89-02121) (Author’s abstract) 
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A short account is given of procedures used in 
Sweden for using a permit for discharge of chemi- 
cals into aquatic systems. A summary is presented 
of the information required for an initial hazard 
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assessment and is illustrated with data for 4,5,6- 
trichloroguaiacol. The limitations in the initial pro- 
cedures are briefly pointed out, and a summary of 
a comprehensive research program (ESTHER), 
designed to examine outstanding issues, is given. 
AN algorithm is presented for rd assessment 
based on laboratory experiments supplemented 
with limited field data. The results of an investiga- 
tion of chloroguaiacols are briefly presented and 
attention drawn to significant features not revealed 
in initial hazard assessments. Methodological as- 
pects of biological testing procedures are briefly 
reviewed, and unresolved issues noted. It is con- 
cluded that substantial gaps remain in current pro- 
cedures for assessing environmental hazard, and 
that environmental acceptability of the risk follow- 
ing discharge of chemicals to the aquatic environ- 
ment must be based on a monitoring program. (See 
also W89-02121) (Author’s abstract) 
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In the Great Lakes, assessments are needed for the 
nearly 1000 chemicals which have been detected. 
Such assessments must provide protection for all 
uses and deal with the system as a whole. A brief 
description of an acceptable sequence of decisions 
leading to control of a chemical is described; these 
include identification, preliminary assessment, a 
number of in-depth assessments leading to a ‘final’ 
one and then control if required. A minimum 
number of data elements are identified to be con- 
sidered at the preliminary assessment stage where 
chemicals are being screened for further data de- 
velopment. These elements include: (1) mammalian 
acute LDSO, preferably oral dosing of the rat; (2) 
aquatic acute LCSO with a sensitive fish species; (3) 
mutagenicity for two cell lines, including one 
mammalian; and (4) octanol-water partition coeffi- 
cient. Others are considered important but not 
likely to be available nor readily developed at this 
stage. These include production and release to the 
environment, and, environmental concentrations. 
Research to develop all these data are required 
since the data set of most chemicals is only partial- 
ly available at present. Research will also be re- 
quired to clarify issues raised in the preliminary 
assessment and to permit further, more sophisticat- 
ed assessments possibly leading to control meas- 
ures. (See also W89-02121) (Author’s abstract) 
W89-02136 


CHEMICAL PROPERTIES TO PRE- 

DICT EXPOSURE POTENTI 

SRI International, Menlo Pack. CA. Chemistry 
Lab. 


T. Mill. 

IN: Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Contami- 
nants. Lewis Publishers, Chelsea, Michigan, 1988. 
p 97-120, 12 fig, 5 tab, 30 ref. 


Descriptors: *Chemical properties, ‘*Pollutant 
identification, Prediction, Classification, Physical 
properties, Vapor pressure, Volatility, Sorption, 
Henry’s constant, Hydrolysis, Computers. 


Information on the several thousand synthetic 
chemicals often includes only the chemical struc- 
ture, production level, and (possibly) uses. Expo- 
sure ranking of these chemicals will have to rely 
on minimum information and the application of 
structure-activity relations (SARs) for properties 
and transformations. Some quantitative relation- 
ships between structure and properties or reactivi- 
ties (SAR) which can be used as predictors for 
exposure are indicated. Physical properties which 
can be predicted from structure include vapor 


59 


pressure, solubility, Henry’s constant, volatility 
and sorption to sediments. Chemical properties 
include the rate constants for individual transfor- 
mation processes such as hydrolysis by acid or 
base, oxidation and photolysis. SARs for predict- 
ing property and rate cc are di d as is 
the use of a computer program to calculate rate 
constants from molecular structure alone. (See also 
W89-02155) (Author’s abstract) 

W89-02162 





TOXICOLOGY TESTING AS A CONTROL 
STRATEGY, 

Chemical Industry Inst. of Toxicology, Research 
Triangle Park, NC. 

For primary bibliographic entry see Field 5G. 
W89-02164 


GROUNDWATER MONITORING: AN OVER- 
VIEW FROM FIELD DRILLING TO LABORA- 
TORY ANALYSIS, 

Keck Consulting Services, Williamston, MI. 

C. S. Annett, and E. E. Everett. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 201- 
210, 1 fig. 


Descriptors: *Groundwater quality, *Monitoring, 
*Water analysis, *Drilling, Soil sampling, Water 
sampling, Sampling, Water quality control. 


Increased awareness concerning the extent and 
significance of groundwater contamination has 
prompted the development of reliable techniques 
to accurately monitor the quality of groundwater. 
The monitoring process involves many phases 
ranging from the initial drilling process to the final 
analysis of a water or soil sample. Each phase of 
the operation is subject to errors which might 
result in either the collection of a nonrepresenta- 
tive sample or contamination of the sample. An 
overview of the monitoring process and available 
options and precautions for each phase are present- 
ed. (See also W89-02196) (Lantz-PTT) 

W89-02209 


py PESTICIDES IN WELL WATER 
Environmental Protection Agency, Chicago, IL. 
Environmental Services Div. 

P. A. Reed. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 253- 
260, 1 tab, 1 ref. 


Descriptors: *Surveys, *Data acquisition, *Water 
quality, *Groundwater quality, *Pesticides, Wells, 
Drinking water, Potable water, Computer models. 


The Environmental Protection Agency has 
launched the National Pesticide Survey, a nation- 
wide survey of pesticides in drinking water wells. 
The reasons for conducting the survey, how the 
survey will be designed and conducted, and the 
status of the survey planning effort are explained. 
Statistical design, analytic methods, health advisor- 
ies, questionnaire, and pilot study are the five steps 
of the survey. The first stage, statistical design, has 
been completed. The DRASTIC groundwater vul- 
nerability indices have been developed, and the 
pesticide usage data have been compiled for all 
counties in the United States. County selection has 
occurred. The lab method development and single 
lab validation is on schedule. Forth-eight of the 53 
health advisories were schedule The remaining 
five health advisories and the lab methods will be 
extremely valuable outputs of this project, separate 
from the survey results themselves. (See also W89- 
02196) (Lantz-PTT) 

W89-02213 


TOXICITY ASSAYS AND MOLECULAR 
STRUCTURE TOXICITY, 

Drexel Univ., Philadelphia, PA. 

For primary bibliographic entry see Field SD. 
W89-02270 
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LEACHING OF CARBOFURAN IN FLOODED 
FIELD UNDER PUDDLED AND NONPUD- 
DLED CONDITIONS, 
Central Rice Research Inst., 
of Soil Microbiology. 

K. Ramanand, M. Sharmila, and N. Sethunathan. 
Journal of Environmental Science and Health (B) 
JPFCD2, Vol. 23, No. 3, p 225-234, June 1988. 1 
fig, 2 tab, 7 ref. 


Cuttack (India). Lab. 


Descriptors: *Pesticides, *Puddling, *Leaching, 
*Groundwater pollution, *Path of pollutants, 
*Carbofuran, Percolation rate, Insecticides, Soil, 
Phenols, Rice. 


In a field study, a granular formulation of carbo- 
furan was broadcast to the standing water of a 
flooded, upplanted rice field under puddled and 
nonpuddled conditions. The residues of carbofuran 
and the metabolite 7-phenol (2,3-dihydro-2,2-di- 
methyl-7-benzofuranol) in flood water and in lea- 
chates at 15 cm and 30 cm depths were analyzed. 
In nonpuddled soil, substantial amounts of carbo- 
furan and 7-phenol ware recovered from the lea- 
chates at both 15 cm and 30 cm depths. In the 
puddled field the mobility of carbofuran and 7- 
phenol was restricted to the top 15 cm and almost 
negligible at 30 cm depth. The percolation rate in 
puddled and nonpuddled field was 0.45 cm and 
1.35 cm/day, respectively. Leaching of carbofuran 
was retarded under puddled conditions evidently 
due to slow percolation rate. (Author’s abstract) 
W89-01283 


HISTORY OF POINT SOURCE CONTROL OF 
NUTRIENTS IN PENNSYLVANIA AND 
OTHER CHESAPEAKE BAY STATES: PART I, 
For primary bibliographic entry see Field 5D. 
W89-01288 


RECOMMENDED APPROACH TO THE EVAL- 
UATION OF THE ENVIRONMENTAL BEHAV- 
IOR OF PESTICIDES: IUPAC REPORTS ON 
PESTICIDES, NO. 24, 

CIBA-GEIGY A.G., Basel (Switzerland). Agricul- 
tural Div. 

For primary bibliographic entry see Field 5A. 
W89-01296 


DETECTION OF DRILLING MUD-BASE OIL 
IN THE BILE OF TROUT, SALMO GAIRD- 
NERI, 

Department of Fisheries and Oceans, St. John’s 
(Newfoundland). Science Branch. 

J. Hellou, and A. King. 

Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 1, p 101-107, 
July 1988. 2 fig, 17 ref. 


Descriptors: *Drilling fluids, *Oil pollution, *Fate 
of pollutants, *Bile, *Toxicity, *Trout, *Bioaccu- 
mulation, Biotransformation, Hydrocarbons, Me- 
tabolism, Nuclear magnetic resonance, Gas chro- 
“ina Mass spectrometry, Fish, Water pol- 
ution. 


The gall bladder of Salmo gairdneri acts as a 
bioconcentrator of metabolites derived from an oil 
quasi-free of aromatics. Although the components 
present in the hydrolyzed bile extract could not be 
individually identified by gas liquid chromatogra- 
phy/mass spectrometry, (due to the absence of 
identical commercial samples), the chemical consti- 
tution of this mixture was partially revealed. Satu- 
rated and unsaturated metabolites were detected in 
the bile of trout exposed to a drilling mud-base oil. 
Further work is needed to determine if the aromat- 
ics present in the bile originate from the aromatic 
fraction of the oil or are due to metabolic transfor- 
mations of the cyclohexane type molecules in the 
oil. (Sand-PTT) 

W89-01301 


REACTION OF ORGANIC PHOSPHATE 
ESTERS WITH CHLORINE IN AQUEOUS SO- 
LUTION, 


Kitakyushu Municipal Inst. 
Health Sciences (Japan). 

S. Ishikawa, and K. Baba. 
Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 1, p 143-150, 
July 1988. 8 fig, 12 ref. 


of Environmental 


Descriptors: *Organophosphorus compounds, 
*Chlorine, *Chlorination, *Path of pollutants, 
*Water treatment, *Wastewater treatment, Pollut- 
ants, Toxicity. 


Organic chlorides are produced during chlorina- 
tion in drinking water supply treatment or 
wastewater treatment. Some of these chlorination 
products have been shown to be toxic. This study 
presents a gas chromatography/mass spectrometry 
investigation of the reaction of a number of organ- 
ic phosphate esters--widely used industrial chemi- 
cals--with chlorine in aqueous solution. Tributyl 
phosphate (TBP), tries (2-chloroethyl) (TCEP), 
trioctyl phosphate (TOP), and tricresyl phosphate 
(TCP) were purified by distillation under reduced 
pressure; tris(chloropropyl) phosphate (TCPP) and 
tris(dichloroporoyl) phosphate (CRP) were used 
with further purification; and triphenyl phosphate 
(TPP) was purified by zone refining. OPE degra- 
dation involves hydrolysis with soidium hydrox- 
ide; the reactions of TOP, TPP, and TCP with 
chlorine proceeded in alkaline media. Decreases of 
TCEP and CRP in alkaline media were caused by 
sodium hydroxide hydrolysis; TBP and TCPP 
were stable in all pH ranges. Even at a chlorine 
concentration of 3 mg/l, which is a normal level 
used disinfection, TOP, TPP, and TCP decreased 
in the ratios of 5, 3, and 5% in 24 hr. In the cases 
of TPP and TCP, new peaks were observed on 
each flame photometric detector gas chromato- 
gram after the chlorination. These peaks were 
identified by GC/MS; in these mass spectra peaks 
were identified as those of chlorinated TPP and 
TCP, in which benzine rings were substituted with 
1-3 chlorine atoms. Effects of pH on chlorination, 
Degradation of the OPE’s, relationship between 
OPE decrease and chlorine concentration, chroma- 
tograms of chlorination products, and mass spectra 
of the chromatogram peaks are figured in this 
report. (Sand-PTT) 

W89-01303 


EFFECTS OF CHEMICAL POLLUTANTS AND 
PHYTOPLANKTON BLOOMS ON _ THE 
MARINE BIOLOGICAL RESOURCES OF THE 
ADRIATIC SEA, 

Bologna Univ. (Italy). Ist. di Biochimica. 

For primary bibliographic entry see Field SC. 
W89-01307 


SEDIMENTS AND POLLUTION 
NORTHERN ADRIATIC SEA, 
Consiglio Nazionale delle Ricerche, 
(Italy). Ist. per la Geologia Marina. 

F. Frascari, M. Frignani, S. Guerzoni, and M. 
Ravaioli. 

Annals of the New York Academy of Sciences 
ANYAAS, Vol. 534, p 1000-1020, 1988. 13 fig, 6 
tab, 73 ref. 


IN THE 


Bologna 


Descriptors: *Water pollution sources, *Path of 
pollutants, *Toxic wastes, *Italy, *Sediments, 
*Adriatic Sea, Polychlorinated biphenyls, Metals, 
Heavy metals, Radionuclides, Nutrients, Coastal 
waters, Chromium, Mercury, Lead, Zinc, Copper, 
Cadmium, DDT, Halogenated pesticides, Insecti- 
cides, Particulate matter, Silt, Clay, Po River delta, 
Chlorinated hydrocarbons. 


The Po River and some other minor rivers trans- 
port toxic chemicals and nutrients from highly 
developed lands into the Northern Adriatic Sea. It 
is a shallow semi-enclosed basin with peculiar hy- 
drodynamics, and the water circulation causes a 
surprisingly fast renewal of the water. Many pol- 
lutants interact with particulate matter, mainly silt 
and clay fractions, which settles in some areas 
along the northern and western coast of the basin, 
forming reservoirs with long-term and release po- 
tentials. Some chemicals, e.g. toxic metals (Cr, Hg, 
Pb, Zn, Cu, Cd), chlorinated pesticides (DDT and 
its analogs), polychlorinated biphenyls, artificial 
radionuclides and nutrients, show their maximal 


concentrations in the prodelta areas off riverine 
mouths, in lagoons and inlets, and near particular 
waste discharges. The concentrations of these 
chemicals in the Adriatic sediments are not high 
when compared to reference data of other marine 
coastal areas in the world. Most of the knowledge 
of the behavior of pollutants and particulate matter 
in the Adriatic is somewhat qualitative and semi- 
quantitative. A big effort is needed to quantify the 
sediment-pollutant interactions and the sediment 
distribution patterns. (Author’s abstract) 
W89-01308 


NITRATE CONTENT IN FRACTURE ZONE 
GROUNDWATER IN THE HUMID TROPICS 
AS RELATED TO DEFORESTATION (LA 
TENEUR EN NITRATES DES NPPES DE 
FSSURES DE LA ZONE TROPICALE HUMIDE 
EN RELATION AVEC LES PROBLEMES DE 
DEFORESTATION), 

Montpellier-2 Univ. (France). Lab. d’Hydrogeolo- 
gie. 

For primary bibliographic entry see Field 4C. 
W89-01309 


PHYSICO-CHEMICAL, BACTERIOLOGICAL, 
AND BIOLOGICAL STUDY OF THE GENE- 
VAN ALLONDON RIVER BASIN (ETUDE 
PHYSICO-CHIMIQUE, BACTERIOLOGIQUE 
ET BIOLOGIQUE DE L’ALLONDON GENE- 
VOISE), 

Institut d’Hygiene, Geneva (Switzerland). 

For primary bibliographic entry see Field 5C. 
W89-01314 


ORIGIN AND INFLUENCE OF COAL MINE 
DRAINAGE ON STREAMS OF THE UNITED 
STATES, 

Geological Survey, Richmond, VA. 

J. D. Powell. 

Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 2, p 141-152, April 1988. 7 
fig, 9 tab, 24 ref. 


Descriptors: *Path of pollutants, *Water pollution 
effects, *Streams, *Mineralization, *Coal mining, 
*Water quality, *Acid mine drainage, *Water 
treatment, Hydrogen ion concentration, Sulfates, 
Manganese, Iron compounds, Acidic water, Bacte- 
ria, Oxidation. 


Degradation of water quality related to oxidation 
of iron disulfide minerals associated with coal is a 
naturally occurring process that has been observed 
since the late seventeenth century, many years 
before commencement of commercial coal mining 
in the U.S. Disturbing coal strata during mining 
operations accelerates this natural deterioration of 
water quality by exposing greater surface areas of 
reactive minerals to the weathering effects of the 
atmosphere, hydrosphere, and biosphere. Degrad- 
ed water quality in the temperate eastern half of 
the U.S. is readily detected because of the low 
mineralization of natural water. Maps are present- 
ed showing areas in the eastern U.S. where con- 
centrations of chemical constituents in water af- 
fected by coal mining (pH, dissolved sulfate, total 
iron, total manganese) exceed background values 
and indicate effects of coal mining. Areas in the 
East most affected by mine drainage are in western 
Pennsylvania, southern Ohio, western Maryland, 
West Virginia, southern Illinois, western Ken- 
tucky, northern Missouri, and southern Iowa. Ef- 
fects of coal mining on water quality in the more 
arid western half of the U.S. are more difficult to 
detect because of the high degree of mineralization 
of natural water. Normal background concentra- 
tions of constituents are not useful in evaluating 
effects of coal mine drainage on streams in the 
more arid West. Three approaches to reduce the 
effects of coal mining on water quality are: (1) 
exclusion of oxygenated water from reactive min- 
erals, (2) neutralization of the acid produced, (3) 
retardation of acid-producing bacteria population 
in spoil material, by application of detergents that 
do not produce byproducts requiring disposal. 
These approaches can be used to help prevent 
further degradation of water quality in streams by 
future mining. (Author’s abstract) 





W89-01315 


IRRIGATION RELATED ARSENIC CONTAMI- 
NATION OF A THIN, ALLUVIAL AQUIFER, 
—" RIVER VALLEY, MONTANA, 
S.A. 

Montana Bureau of Mines and Geology, Butte. 
J. L. Sonderegger, and T. Ohguchi. 

Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 2, p 153-161, April 1988. 7 
fig, 1 tab, 8 ref. 


Descriptors: *Water pollution sources, *Alluvial 
aquifers, *Montana, *Arsenic, *Groundwater pol- 
lution, *Irrigation water, Path of pollutants, Wells, 
Irrigation ditches, Madison River Valley, Aquifers, 
Contamination. 


The arsenic concentration in 13 water samples 
from wells in the thin, alluvial aquifer of the Madi- 
son River Valley, Montana, ranged from 26 to 150 
microgram/l. The Madison River, which origi- 
nates in Yellowstone National Park, has a mean 
arsenic concentration of 51 microgram/l, based 
upon very limited sampling in the study area 
during the main irrigation period. Groundwater 
arsenic concentration increases down the valley 
can be best correlated with the intensity of ditch 
irrigation in this semiarid area. No other sources of 
dissolved arsenic as concentrated as that of the 
river water have been identified. Evaporative con- 
centration of river-derived irrigation water is be- 
lieved to have been the overwhelming factor in the 
contamination of this shallow aquifer. (Author's 
abstract) 

W89-01316 


EFFECT OF THE ENVIRONMENT ON THE 
HYDROCHEMICAL CHARACTERISTICS OF 
AN ALLUVIAL AQUIFER FOLLOWING AN 
EXCEPTIONAL MULTIYEAR DROUGHT 
(MEDITERRANEAN SEASHORE, HERAULT, 
FRANCE): PART II. CLIMATOLOGY AND 
AGRONOMY, 

Montpellier-2 Univ. (France). Lab. d’Hydrogeolo- 


gie. 
For primary bibliographic entry see Field 2F. 
W89-01318 


SOLUBILITY RELATIONSHIPS OF ALUMI- 
NUM AND IRON MINERALS ASSOCIATED 
WITH ACID MINE DRAINAGE, 

University of Wyoming Research Corp., Laramie. 
Western Research Inst. 

For primary bibliographic entry see Field 5G. 
W89-01322 


IRON SULFIDE OXIDATION AND THE 
CHEMISTRY OF ACID GENERATION, 
University of Wyoming Research Corp., Laramie. 
Western Research Inst. 

P. J. Sullivan, J. L. Yelton, and K. J. Reddy. 
Environmental Geology and Water Sciences 
EGWSEI, Vol. 11, No. 3, p 289-295, June 1988. 3 
fig, 1 tab, 10 ref. Department of Energy Contract 
DE-AC2085LC1 1062. 


Descriptors: *Path of pollutants, *Waste disposal, 
*Weathering, *Acid mine drainage, *Minerals, 
*Pyrite, *Oil shale, Iron compounds, Aluminum 
compounds, Hydrogen ion concentration, Solubili- 
ty, Sulfates, Sulfides, Leachates, Water quality. 


Acid mine drainage, produced from the oxidation 
of iron sulfides, often contains elevated levels of 
dissolved Al, Fe, and SO4 and low pH. Under- 
standing the interaction of these elements associat- 
ed with acid mine drainage is necessary for proper 
solid waste management planning. Two eastern oil 
shales were leached using humidity cell methods. 
The study used a New Albany Shale (4.6% pyrite) 
and a Chattanooga Shale (1.5% pyrite). The lea- 
chates from the humidity cells were filtered, and 
the filtrates were analyzed for total concentrations 
of cations and anions. After correcting for signifi- 
cant solution species and complexes, ion activities 
were calculated from total concentrations. The 
activities of Fe(III), Fe(II), Al and SO4 increased 
due to the oxidation of pyrite. The oxidation of 
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pyrite resulted in a decreased pH and an increased 
pe + pH (redox potential). The Fe(III) and Fe(II) 
activities appeared to be controlled by amorphous 
Fe(OH)3 solid phase above a pH of 6.0 and below 
pe + pH 11.0. The Fe(III), Fe(II), and SO4 activi- 
ties reached saturation with respect to FEOHSO4 
solid phase between pH 3.0 and 6.0 and below pe 
+ pH 11.0. Below a pH of 3.0 and above a pe + 
pH of 11.0, Fe(II), Fe(III) and SO4 activities are 
supported by FeSO4 7H20 solid phase. Above a 
pH of 6.0, the Al activity showed an equilibrium 
with amorphous Al(OH)3 solid phase. Below pH 
6.0, Al and SO4 activities are regulated by the 
AIOHSO4 solid phase, irrespective of pe + pH. 
Under oxidizing conditions with low to high leach- 
ing potential, activities of Al and Fe can be pre- 
dicted on the basis of secondary mineral formation 
over a wide range of pH and redox. As a result, the 
long-term chemistry associated with disposal envi- 
ronments can be largely predicted (including trace 
elements). (See also W89-01322) (Author’s ab- 
stract) 

W89-01323 


IMPACT OF MOSUL TEXTILE FACTORY EF- 
FLUENTS ON TIGRIS RIVER WATER QUAL- 


ITY, 

Mosul Univ. (Iraq). Saddam Dam Research 
Centre. 

M. A. Al-Layla, and S. M. Al-Rawi. 

Journal of Environmental Science and Health (A) 
=~ Vol. 23, No. 6, p 559-563, 1988. 2 tab, 10 
ref. 


Descriptors: *Water pollution source, *Iraq, *Tex- 
tile mill wastes, *Water pollution prevention, 
*Tigris River, Biochemical oxygen demand, Sus- 
pended solids, Hardness, Alkalinity, Color, Ther- 
mal pollution, Industrial wastewater. 


The effluents of the Mosue textile factory (MTF) 
are disposed of directly to the main sewer of the 
city where they are mixed with other municipal 
wastewater and flow into the Tigris River without 
any treatment. The characteristics of these textile 
wastes were studied in terms of biochemical 
oxygen demand (BOD), suspended solids, hardness 
and other parameters. The wastes were generally 
colored, highly alkaline, high in BOD contents, 
high in suspended solids and hot. Effluents might 
contain some chemicals which might be toxic or 
biologically refracted. In a movement to reduce 
the pollution load exerted by such industry, a 
variety of measures were proposed and recom- 
mended, including: (1) use of low BOD synthetic 
detergent for soap; (2) use of low BOD sizes such 
as carboxymethyl cellulose for the high BOD 
starch used; (3) recovery of some of the chemicals; 
(4) recycling of some effluents; (5) use of exact 
quantities to reduce the quantities of pollutants 
leaving the MTF; and (6) economies in water use 
and fixing meters to control the required quantities. 
(Sand-PTT) 

W89-01326 


ORGANIC CATION EFFECTS ON THE SORP- 
TION OF METALS AND NEUTRAL ORGANIC 
COMPOUNDS ON AQUIFER MATERIAL, 
Robert S. Kerr Environmental Research Lab., 
Ada, OK. 

D. C. Bouchard, R. M. Powell, and D. A. Clark. 
Journal of Environmental Science and Health (A) 
JESEDU, Vol. 23, No. 6, p 585-601, 1988. 4 fig, 3 
tab, 23 ref. 


Descriptors: *Aquifers, *Soil, *Sorption, *Organic 
compounds, *Metals, *Surfactants, *Path of pollut- 
ants, Ethylhexadecyldimethylammonium, Ground- 
water. 


Sorption of ethylhexadecyldimethylammonium 
(EHDDMA-+-), a large organic cation, and three 
neutral organic compounds (NOC’s) on two low 
organic carbon aquifer materials was studied using 
a soil batch equilibration technique. EHDDMA+ 
competed effectively with metals for exchange 
sites and EHDDMA + sorption was accompanied 
by an equimolar charge desorption of metals. NOC 
sorption on the aquifer materials was low (K less 
than or equal to 0.22) which was consistent with 
the sorbent’s low organic carbon content. Howev- 
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er, EHDDMA-+ sorption increased toluene sorp- 
tion by two orders of magnitude. The enhanced 
toluene sorption was due to the hydrophobic sur- 
face provided by the hydrocarbon moiety of 
sorbed EHDDMA + (Author’s abstract) 
W89-01328 


STUDY OF THE INTERACTIONS BETWEEN 
ATRAZINE, DIAZINON AND LINDANE WITH 
HUMIC ACIDS OF VARIOUS MOLECULAR 
WEIGHTS, 

Nebraska Univ.-Lincoln. 

R. Saint-Fort, and S. A. Visser. 

Journal of Environmental Science and Health (A) 
had Vol. 23, No. 6, p 613-624, 1988. 6 fig, 3 
tab, 13 ref. 


Descriptors: *Pesticide kinetics, *Herbicides, *In- 
secticides, *Humic acids, *Soil organic matter, 
*Path of pollutants, Diazinon, Lindane, Atrazine, 
Hydrogen ion concentration, Bonding, Ion ex- 
change, Adsorption, Binding isotherms. 


Kinetic, complex formation and equilibrium studies 
of the adsorption of atrazine, diazinon and lindane 
on humic acids (HA) of various molecular weights 
(MW) were investigated. There was evidence that 
on HA with MW > 300,000 daltons, intraparticle 
diffusion of the adsorbate into the adsorbent parti- 
cles was the rate limiting process. Complex forma- 
tion of atrazine with HA was observed on HA 
with MW < 300,000 daltons with more atrazine 
being complexed at acid than at alkaline pH. This 
result was ascribed to the presence of more atra- 
zine molecules in the protonated form. Ion ex- 
change and hydrogen bonding reactions as well as 
electron transfer were in this case the mechanisms 
postulated. Equilibrium data of atrazine and lin- 
dane adsorbed on all HA fractions were explained 
by the Freundlich type isotherm whereas diazinon 
adsorption on HA with MW > 300,000 daltons 
followed the Langmuir type isotherm. Throughout 
the investigation, adsorbate-adsorbent interaction 
was generally higher at pH 3.7 than at 7.0. (Au- 
thor’s abstract) 

W89-01330 


RADIOACTIVITY IN WATER SUPPLIES, 
For primary bibliographic entry see Field 5F. 
W89-01352 


GROUNDWATER QUALITY BENEATH THE 
CITY OF LONDON: OVERVIEW AND LONG- 
TERM CHANGES, 

J. A. Payne, W. M. Thomas, J. E. Cooke, and E. 
English. 

Journal of the Institution of Water and Environ- 
mental Management, Vol. 2, No. 3, p 305-310, June 
1988. 2 fig, 4 tab, 9 ref. 


Descriptors: *Water quality, *Groundwater, 
*London, *England, Reviews, Geology, Aquifers, 
Boreholes, Pumping, Groundwater level, Organo- 
leptic properties, Chemical properties, Optical 
properties, Physical properties, Long-term studies. 


The quality of groundwater from the chalk be- 
neath the City of London is discussed in relation to 
the geology and overpumping of the aquifer in the 
19th and early 20th centuries. Although there is 
some uncertainty over the present levels of 
groundwater beneath the City of London in rela- 
tion to geological formations, it is likely that the 
Basal Sands now contain water again in at least 
some areas. Since the 1930's there have been 
marked increases in total hardness, magnesium and 
sulphate which are greater than previously report- 
ed. Differences in quality between neigboring bor- 
eholes are probably due to factors such as the 
condition of the borehole linings and local vari- 
ations in flow patterns within the aquifer. The 
leaching out of oxidation products is likely to 
increase with rising water levels, and, where water 
passes from the sands to the chalk, the composition 
of the borehole water will continue to be affected. 
The slow movement of water through the chalk 
means that groundwater quality is unlikely to 
return to its natural equilibrium state within the 
foreseeable future. (Doria-PTT) 
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W89-01353 


LARGE-TIME SATURATED-UNSATURATED 
WATER AND CONTAMINANT TRANSPORT 
MODEL IN UNCONFINED AQUIFERS, 
Australian Inst. of Nuclear Science and Engineer- 
ing, Sutherland. 

G. Pantelis. 

Applied Mathematical Modelling AMMODL, 
Vol. 12, No. 4, p 362-365, August 1988. 2 fig, 9 ref. 


Descriptors: *Path of pollutants, *Hydrologic 
models, *Solute transport, *Groundwater pollu- 
tion, *Aquifers, *Model studies, Water pollution, 
Advection, Saturation, Saturation zone, Aeration 
zone, Flow, Saturated flow, Water table, Mathe- 
matical analysis, Mathematical studies. 


A large-time model for the water and contaminant 
transport in unconfined aquifers is outlined for 
cases where the vertical averaging of the advec- 
tion-dispersion equation is valid. The model in- 
cludes the unsaturated zone which exists above the 
water table, and a comparative study is made with 
the similar and widely used model which assumes 
saturated flow only. An example is given to dem- 
onstrate the effects of the unsaturated zone on the 
horizontal water and contaminant mass transport 
in the aquifer. (Author’s abstract) 

W89-01360 


MODEL OF RESIDUAL CURRENTS AND 
POLLUTANT TRANSPORT IN THE ARABIAN 
GULF, 

University of Petroleum and Minerals, Dhahran 
(Saudi Arabia). Dept. of Mathematical Sciences. 
R. W. Lardner, W. J. Lehr, R. J. Fraga, and M. A. 
Sarhan. 

Applied Mathematical Modelling AMMODL, 
Vol. 12, No. 4, p 379-390, August 1988. 15 fig, 2 
tab, 32 ref. 


Descriptors: *Path of pollutants, *Arabian Gulf, 
*Oil spills, *Model studies, *Coastal waters, Water 
currents, Solute transport, Winds, Velocity pro- 
files, Waste depth, Mathematical models, Plumes, 
Dispersion, Simulation. 


A pollutant transport model is presented for the 
Arabian Gulf, with particular relevance to the 
portion of the Gulf adjacent to the coast of Saudi 
Arabia. The model has been developed specifically 
for oil spill simulations, but it can be adapted to 
other pollutants. The residual currents in this part 
of the Gulf are dominated by wind-forcing, and 
part of the model consists of a computation of the 
mean wind-driven currents for each month. This is 
achieved by first solving the shallow-water equa- 
tions (using a finite difference algorithm) for the 
depth-averaged velocities, and then solving the 
momentum equations for the vertical velocity pro- 
files. The pollutant transport part of the model 
includes surface spreading of the slick, evaporation 
and dispersion into the water column, convection, 
and both horizontal and vertical dispersion of the 
pollutant plume. The model is applied to the simu- 
lation of a 5,000-barrel surface spill in the Marjan 
offshore oil field. (Author’s abstract) 

W89-01361 


CHALLENGE OF ACID RAIN, 

State Univ. of New York at Albany. Atmospheric 
Sciences Research Center. 

For primary bibliographic entry see Field 5C. 
W89-01380 


FATE AND PERSISTENCE OF AQUATIC HER- 
BICIDES, 

Minnesota Mining and Mfg. Co., St. Paul. Envi- 
ronmental Lab. 

K. H. Reinert, and J. H. Rodgers. 

Reviews of Environmental Contamination and 
Toxicology, Vol. 98, p 61-98, 1987. 16 tab, 137 ref. 


Descriptors: *Fate of pollutants, *Herbicides, 
*Aquatic weed control, *Biodegradation, *Weed 
control, Literature review, Copper sulfate, Diquat, 
Dalapon. 


The herbicides registered for aquatic use may be 
ranked according to their persistence in aquatic 
environments. This persistence is a function of the 
various fate process half-lives. A list of herbicide 
persistence in moist soils has been published. Simi- 
lar persistence is expected in aquatic environments 
because similar fate processes occur in both envi- 
ronments. Several herbicides have been added to 
this table which were not originally discussed. 
Choice of an aquatic herbicide should be based on 
the plant species to be controlled, herbicide effec- 
tiveness, water body type (i.e., river, lake), water 
usage (i.e., potable, irrigation), and ultimately the 
persistence of the herbicide. The fate and persist- 
ence of 14 aquatic herbicides are discussed. It is 
better to select an effective herbicide having a 
relatively short environmental persistence, which 
usually implies less environmental risks and ulti- 
mately negligible secondary or nontarget effects. 
Some herbicides and algicides do not have particu- 
larly stringent label restrictions on water use after 
treatment; however, this lack of restrictions does 
not imply short environmental persistence. Study 
of aquatic herbicide fate and persistence demon- 
strates numerous gaps and great data variability. 
Quantitative structure-activity relationships can 
help predict or estimate some values; however, 
tests designed to elucidate environmental proper- 
ties of these herbicides are important and necessary 
steps in judging the environment risk of aquatic 
herbicide usage. Recent initiatives found in the 
proposed Federal Insecticide, Fungicide, and Ro- 
denticide Act amendments of 1986 address these 
gaps. (Author’s abstract) 

W89-01383 


TRICHLOROETHYLENE: WATER CONTAMI- 
NATION AND HEALTH RISK ASSESSMENT, 
California Dept. of Health Services, Berkeley. 
Hazard Evaluation Section. 

A. M. Fan. 

Reviews of Environmental Contamination and 
Toxicology, Vol. 101, p 55-92, 1988. 9 tab, 173 ref. 


Descriptors: *Trichloroethylene, *Chlorinated hy- 
drocarbons, *Toxicity, *Risks, *Sublethal effects, 
Water pollution, Hazards, Water pollution effects, 
Carcinogens, Literature reviews, California, 
United States. 


The toxicology of trichloroethylene (TCE) is re- 
viewed with particulate attention given to the se- 
lection of data for human health risk assessment. It 
reviews the extent of TCE water contamination in 
the U.S. and California, presents a risk assessment 
of water contamination, and discusses health issues 
surrounding TCE contamination of water supplies. 
The primary effects of inhalation exposure to TCE 
are on the central nervous system. Acute effects in 
humans were generally associated with inhalation 
exposure levels ranging from 200-800 ppm and 
above. Subchronic oral exposure to TCE produced 
changes in body weight, liver, or kidney in rats or 
mice at 500 mg/kg/d or above. Chronic effects in 
humans can occur following prolonged inhalation 
exposure to TCE concentrations of about 100 ppm, 
the severity increasing with concentration and time 
of exposure. These include asthenia, anorexia, 
headache, memory loss, moodiness, insomnia, para- 
sethesia, and disturbances of the nervous system. 
TCE has not been shown to be teratogenic. Repro- 
ductive and genotoxic effects were reported. TCE 
was shown to be carcinogenic in mice but not in 
rats; human data are inconclusive. The carcinogen- 
ic potency factor for TCE .s 0.02 per mg/kg/d. A 
theoretical, additional lifetime cancer risk of 
0.000001 is estimated to be associated with a TCE 
concentration in water of about 5 ppb or lower. 
TCE was one of the most frequently found chemi- 
cals in three national surveys of groundwater and 
drinking water. The highest concentration report- 
ed in a recent US EPA survey was 130 ppb. Issues 
pertinent to TCE exposure from water include the 
need for more information on dermal adsorption 
and environmental fate of the chemical. (VerNooy- 


W89-01385 
BIOACCUMULATION BEHAVIOR OF PER- 


SISTENT ORGANIC CHEMICALS WITH 
AQUATIC ORGANISMS, 


Griffith Univ., Nathan (Australia). School of Aus- 
tralian Environmental Studies. 

D. W. Connell. 

Reviews of Environmental Contamination and 
a aaa Vol. 101, p 117-154, 1988. 6 fig, 8 tab, 
94 ref. 


Descriptors: *Path of pollutants, *Bioaccumula- 
tion, *Biological magnification, *Chlorinated hy- 
drocarbons, *Toxicity, Water pollution effects, Or- 
ganic compounds, Metabolism, Aquatic organisms, 
Reviews, Literature, Lipophilic compounds, 
Animal physiology. 


The bioaccumulation of lipophilic compounds by 
aquatic organisms can proceed by two routes: (1) 
Bioconcentration by uptake of lipophilic com- 
pounds directly from the water mass through the 
gills, or other respiratory surfaces, into the circula- 
tory fluid to be deposited in the fatty tissues of the 
organism, and (2) biomagnification, which results 
from the transfer of the lipophilic compounds from 
food to fatty tissues. Usually bioconcentration is 
the most relevant process since, irrespective of the 
mechanism involved, the concentrations that gen- 
erally occur in fully aquatic organisms are in 
accord with this mechanism. Physiologically relat- 
ed groups of aquatic organisms having similar res- 
piratory and metabolic characteristics and used in 
bioaccumulation investigations have been fish, 
mollusks, daphnids, microorganisms, and poly- 
chaetes. With these groups a significant relation- 
ship has been found between log K sub B (the 
bioconcentration factor) and log K sub OW (the 
octanol-water partition coefficient) for certain lipo- 
philic compounds, allowing the prediction of bio- 
concentration from the log K sub OW value. Com- 
pounds that bioconcentrate in accord with the log 
K sub B to log K sub OW relationship, have a 
comparatively high level of biotic stability and are 
mostly chlorinated hydrocarbons. The general 
characteristics of the compounds following this 
relationship can be described as molecular weight 
< approx. 300, K sub OW 2-6, water solubility 18- 
0.002 mol/cu m and a very low degree of ioniza- 
tion. Many aspects of the mechanism of bioaccu- 
mulation are not well understood. It is likely that 
aspects of toxicity would be clarified by a better 
understanding of bioconcentration and biomagnifi- 
cation. (VerNooy-PTT) 

W89-01386 


PARTITION OF NONIONIC ORGANIC COM- 
POUNDS IN AQUATIC SYSTEMS, 

Geological Survey, Trenton, NJ. 

J. A. Smith, P. J. Witkowski, and C. T. Chiou. 
Reviews of Environmental Contamination and 
aa Vol. 103, p 127-151, 1988. 8 fig, 1 tab, 
79 ref. 


Descriptors: *Partition models, *Solute transport, 
*Water chemistry, *Water pollution, *Path of pol- 
lutants, *Organic compounds, *Sorption, Organic 
solvents, Lipids, Dissolved solids, Reviews, Aquat- 
ic organisms, Soil contamination, Sediments, Fish, 
Zooplankton, Model studies, Molecular structure. 


The partition model can be used to explain the 
observed distribution of nonionic organic com- 
pounds in the organic phases associated with soil- 
sediment, dissolved organic matter, and aquatic 
organisms. For each of these three cases, the pri- 
mary determinant of the solute’s distribution is its 
solubility in the aqueous and organic phases com- 
prising the specific environmental system. Water 
solubility and n-octanol-water partition coefficients 
serve as useful indicators of a solute’s tendency to 
partition into other organic phases. However, the 
partition model also takes into account additional 
factors such as the polarity, composition, and mo- 
lecular size of the solute and the solvent, as well as 
the presence or absence of other competing sorp- 
tive processes. In soil-sediment systems that are 
saturated by a polar solvent such as water, uptake 
by partition is much greaier than uptake by adsorp- 
tion. In unsaturated soil systems, uptake by adsorp- 
tion can become much more significant since an 
insufficient number of polar solvent molecules are 
present to occupy all of the surface sites. Nonionic 
organic solutes also partition between water and 
the lipid reservoirs of aquatic organisms. Lipid- 





normalized bioconcentration data collected for 
marine zooplankton, guppies, rainbow trout, and 
catfish were found to be significantly correlated 
with triolein-water partition coefficients (K sub 
TW). The resulting log-log plot shows no system- 
atic differences between the four species of aquatic 
organisms. Partition of nonionic organic com- 
pounds also occurs between water and the micro- 
scopic environment of dissolved organic matter 
(DOM). The apparent solubility enhancement of 
nonionic solutes by DOM is a function of both the 
polarity and size of the natural organic molecule 
and the aqueous solubility of the nonionic solute. 
(VerNooy-PTT) 

W89-01387 


TOXICITY OF POTASH BRINES TO EARLY 
DEVELOPMENTAL STAGES OF ATLANTIC 
SALMON (SALMO SALAR), 

Department of Fisheries and Oceans, St. Andrews 
(New Brunswick). Biological Station. 

For primary bibliographic entry see Field 5C. 
W89-01396 


SUBLETHAL TOXICITY AND ACCUMULA- 
TION OF CADMIUM IN TILAPIA AUREA, 
Agricultural Coll. of Athens (Greece). Dept. of 
Applied Hydrobiology. 

For primary bibliographic entry see Field 5C. 
W89-01398 


DETERMINATION OF LEAD IN TREATED 
CRAYFISH PROCAMBARUS CLARKII: ACCU- 
MULATION IN DIFFERENT TISSUES, 
Valencia Univ. (Spain). Dept. of Analytical Chem- 
istry. 

A. Pastor, J. Medina, J. Del Ramo, A. 
Torreblanca, and J. Diaz-Mayans. 

Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 3, p 412-418, 
September 1988. 5 tab, 18 ref. 


Descriptors: *Path of pollutants, *Bioaccumula- 
tion, *Lead, *Crayfish, *Crustaceans, *Sublethal 
effects, Water pollution effects, Gills, Heavy 
metals, Tissue analysis, Lake Albufera, Venezuela. 


In 1978, the American red crayfish Procambarus 
clarkii (Girard) appeared in Lake Albufera (Valen- 
cia, Spain), and have reached a high density, pro- 
ducing ecological and agricultural economic prob- 
lems in rice crops. The crayfish is being fished 
commercially. This study investigates the accumu- 
lation of lead in tissues of the crayfish P. clarkii 
following short term lead exposure at several sub- 
lethal concentrations. Groups of eight adult inter- 
molt crayfish were ex, to 10, 50, or 100 mg 
Pb/L for 96 hours. The control crayfish showed 
lead levels ranging from 6.9 +/- 2.8 ppm dry 
weight in midgut gland to 261 +/- 114 ppm dry 
weight in the gills. This may be indicative of high 
lead contamination of Lake Albufera. In the gills, 
the mean values of lead levels were different 
among the control-10 mg Pb/L groups and the 50- 
100 mg Pb/L groups. In control and treated cray- 
fish the highest percent accumulation (with respect 
to the total amount of lead detected) was present in 
the gills. Nearly 90% of the lead was present in the 
gills of crayfish treated with 100 mg Pb/L, where- 
as the lead content in other tissues was less than 
1%. Since the crayfish used as controls in this 
study appear to be able to accumulate large quanti- 
ties of lead without apparent lethal consequences, 
these animals may be potentially toxic and harmful 
in human and natural food chains. (VerNooy-PTT) 
W89-01399 


RADON DISTRIBUTION IN 
WATER OF TEXAS, 

Texas Univ. Health Science Center at Houston. 
School of Public Health. 

I. Cech, C. Kreitler, H. Prichard, A. Holguin, and 
M. Lemma. 

Ground Water GRWAAR, Vol. 26, No. 5, p 561- 
569, September-October 1988. 10 fig, 1 tab, 36 ref. 


DOMESTIC 


Descriptors: *Radon, *Radioisotopes, *Radiation, 
*Groundwater pollution, *Water pollution sources, 
*Domestic water, *Texas, Distribution, Water pol- 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


lution, Geology, Uranium, Radioactivity, Aquifers, 
Mineralogy. 


Domestic water in selected regions of Texas was 
sampled for radon-222 between 1984 and 1986. A 
total of 150 samples were taken from wells and 
taps and the results were mapped. Concentrations 
of up to 3,300 pCi/I were found in several supplies. 
Results are discussed and compared with the loca- 
tions of major aquifers and the geographical distri- 
butions of radioactive deposits and mortality from 
malignant neoplasms of respiratory organs. It is 
suggested that the anomalous concentrations of 
alpha-emitting radioisotopes in well water may be 
caused by external sources (interaction of Tertiary 
aquifers with salt domes, leaky faults, and uranium- 
bearing volcanic ashes) and not the bulk mineralo- 
gy of the aquifers. This conclusion offers the possi- 
bility of avoiding high risk areas when selecting 
well drilling locations. (Doria-PTT) 

W89-01401 


FORCED-GRADIENT TRACER TESTS AND IN- 
FERRED HYDRAULIC CONDUCTIVITY DIS- 
TRIBUTIONS AT THE MOBILE SITE, 

Auburn Univ., AL. Dept. of Civil Engineering. 
F. J. Molz, O. Gueven, J. G. Melville, J. S. 
Nohrstedt, and J. K. Overholtzer. 

Ground Water GRWAAR, Vol. 26, No. 5, p 570- 
579, September-October 1988. 9 fig, 5 tab, 17 ref, 
append. US EPA Contract CR810704-03. 


Descriptors: *Groundwater movement, *Path of 
pollutants, *Hydraulic conductivity, *Tracers, 
*Test wells, *Aquifers, *Solute transport, *Mobile, 
*Alabama, Wells, Confined aquifers, Hydraulic 
properties, Hydraulics, Well hydraulics, Flow, 
Stratified flow, Advection. 


Four single-well tracer tests and a two-well tracer 
test were performed in a 21-m thick confined 
granular aquifer at a field site near Mobile, AL to 
develop a three-dimensional picture of the hydrau- 
lic properties of the aquifer. A high hydraulic 
conductivity zone a consistently in the 
bottom third of the aquifer. This result is in agree- 
ment with hydraulic conductivity distributions in- 
ferred from previous aquifer thermal energy stor- 
age experiments at the same site. In some locations, 
the new tests indicated high hydraulic conductivi- 
ty zones in the u third of the aquifer which 
were not in the previous two-well test 
and single-well tests performed at the same site but 
at different locations. ite the three-dimension- 
al spatial variations of hi conductivity indi- 
cated by these tests, it was possible to the 
major features of the tracer concentration as a 
function of time at the withdrawal well in the two- 
well test by means of an available numerical model 
assuming perfect stratification at the test site and 
using a hydraulic conductivity distribution inferred 
from a single-well test. It is concluded that the 
study aquifer has an approximately stratified flow 
field at the test site, and that reliable ictions of 
solute transport in a real aquifer will depend on a 
sufficiently detailed knowledge of the major fea- 
tures of the three-dimensional advection pattern in 
the aquifer. (Author’s abstract) 

W89-01402 


NUMERICAL MODELING OF SALT-WATER 
INTRUSION AT HALLANDALE, FLORIDA, 
GeoTrans, Inc., Herndon, VA. 

For primary bibliographic entry see Field 2F. 
W89-01408 


SIMULATION AND PARAMETER IDENTIFI- 
CATION OF MASS TRANSPORT IN GROUND 
WATER, 

Bergakademie Freiberg (German D.R.). 

For primary bibliographic entry see Field 2F. 
W89-01409 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART III, 
For primary bibliographic entry see Field 2E. 
W89-01414 
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FINITE ELEMENT CHARACTERISTIC AD- 
VECTION MODEL, 

Rosenstiel School of Marine and Atmospheric Sci- 
ence, Miami, FL. Div. of Applied Marine Physics. 
J. D. Wang, S. V. Cofer-Shabica, and J. C. Fatt. 
Journal of Hydraulic Engineering (ASCE) 
JHEND8, Vol. 114, No. 9, p 1098-1114, September 
1988. 7 fig, 3 tab, 13 ref. National Park Service 
Contract CX5004-1097 RS; Dept. of Energy Con- 
=< DE-AS05-76EV05163; NSF Grant OCE85- 
16132. 


Descriptors: *Mixing, *Path of pollutants, *Finite 
element method, *Advection, *Model studies, 
*Boundary conditions, *Solute transport, Coastal 
waters, Salinity, Chemical properties, Numerical 
analysis. 


For advection-dominated transport processes, the 
traditional numerical techniques for solving the 
advection-diffusion equation fail because of numer- 
ical oscillations. Fractional step solutions, in which 
the advection and diffusion processes are treated in 
separate steps, have been proposed as one way of 
overcoming this problem. Here, a solution to the 
advection step based on the method of characteris- 
tics on a fixed = is used. Interpolation is 
achieved with the finite element technique. Linear 
and quadratic elements are evaluated in terms of 
artificial diffusion, phase, and other errors. It was 
found that linear interpolation creates too much 
numerical diffusion, while the quadratic scheme is 
reasonably accurate, but under certain conditions 
generates spurious extrema. A method retaining 
the accuracy of the quadratic interpolation and 
eliminating its shortcoming is suggested. Boundary 
conditions and source loadings are considered in 
detail. An application of the model to salinity 
distribution resulting from canal discharges in Bis- 
cayne Bay is described. (Author’s abstract) 
W89-01418 


MODELING TURBULENT TRANSPORT IN 
STRATIFIED ESTUARY, 

Hanover Univ. (Germany, F.R.). Inst. fuer Stroe- 
mungsmaschinen. 

S. Bloss, R. Lehfeldt, and J. C. Patterson. 

Journal of Hydraulic Engineering (ASCE) 
JHENDS, Vol. 114, No. 9, p 1115- 1133, Septem- 
ber 1988. 9 fig, 31 ref, 2 . Deutsche Fors- 
chungsgemeinschaft (DFG) it SFB 205. 


Descri : *Path of pollutants, *Mi *Diffu- 
sion, Turbulent Ral a Finke differ- 
ence methods, *Mathematical models, Model stud- 
ies, ey 2 diffusion, Eddies, Water currents, Vis- 
cosity, Physical properties, Rheology, Wind, Case 
studies, Simulation. 


A finite difference mathematical model for the 
calculation of estuarine flow and transport process- 
es is presented. Due to the emphasis on engineer- 
ing applications, turbulence closure is formulated 
on the basis of mixing length and damping func- 
tions. The necessary empi constants were de- 
termined from theoretical considerations and from 
data published in the literature from meteorologi- 
cal, oceanographic, and laboratory experiments, 
which yielded a set of parameters for eddy viscosi- 
ty and eddy diffusivity not tuned to a particular 
system. Similarly, an integral model is derived to 
account for wind-induced mixing in the case of 
highly variable meteorological conditions. Appli- 
cation of the model in a case study of the Trave 
estuary in northern Germany shows its predictive 
capability. A long-term simulation of 85 days re- 
produced both total mixing events and strong strat- 
ification. The model showed good agreement with 
the extensive field data. (Author’s abstract) 
W89-01419 


INTERNATIONAL RIVERS RHINE AND 
MEUSE: RECENT DEVELOPMENTS IN THE 
FIELD OF THE PROTECTION AGAINST POL- 
LUTION AND OF DRINKING WATER PRO- 
DUCTION IN THE NETHERLANDS INCLUD- 
ING THE PROBLEMS OF STORAGE AND EU- 
TROPHICATION, 

Water Storage Corp., Rotterdam (Netherlands). 
For primary bibliographic entry see Field 5F. 
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URBAN GROWTH AND WATER BORNE DIS- 
EASES IN IBADAN, 

Nigerian Inst. of Social and Economic Research, 
Ibadan. 

K. Adeniji. 

Aqua AQUAAA No.4, p 209-211, 1988. 2 tab, 8 
ref. 


Descriptors: *Diseases, *Potable water, *Urbaniza- 
tion, *Water Demand, *Developing countries, 
*Water pollution sources, Path of pollutants, 
Human diseases, Municipal water, Management 
planning, Urban planning. 


The oeay ° cones water to Ibadan, Nigeria has 
become an endemic problem which has forced the 
inhabitants to obtain water from doubtful sources. 
The rapidity of the city’s growth and the inability 
of the water supply agency to meet the increasing 
demand are some of the explanatory variables for 
the high incidence of water borne diseases in dif- 
ferent parts of the city. The institutional problems 
facing urban managers in developing countries are 
also discussed. Suggestions are made on ways of 
tackling the identified problems. The State Gov- 
ernment should overhaul the activities of the state 
water corporation with a view to making it more 
functional. Deliberate attempts should be made to 
remove the financial and management constraints 
which presently inhibit the effective performance 
of the Corporation. Futhermore, it should embark 
on forward planning so as th match the ever- 
increasing demand for potable water within the 
Ibadan metropolis. Considering the high costs of 
capital and operating equipment and materials 
needed for water treatment and distribution, it is 
suggested that the current obsolete water rates 
charged by the corporation should be reviewed 
upwards. All major industrial and commercial con- 
sumers of potable water should have their supplies 
metered, and they should be made to pay the 
economic costs of the water consumed. Govern- 
ment can slightly subsidize supply of potable water 
to the low income households, the majority of 
whom can ill-afford the economic costs of such a 
facility. This is very important considering the fact 
thst these households are more vulnerable to 
water-borne diseases than their middle and h 
income coun’ as earlier discussed in this 
article. The State Government and all the local 
governments should embark on well planned 
public enlightenment programs on the dangers of 
drinking water from dubious sources, and on the 
need for proper storage of water. (Hammond- 
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CLOUD DROPLETS: SOLUTE CONCENTRA- 
TION IS SIZE DEPENDENT, 

Washington Univ., Seattle. Dept. of Civil Engi- 
neering. ay : : 

For primary bibliographic entry see Field 7B. 
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STUDY ON POLICE GRATED ae 
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tsunan Univ., Neyagawa (Ja Faculty of 
Pharamaceutical Scene. ai . 
H. Miyata, K. Takayama, J. Ogaki, M. Mimura, 
and T. Kashimoto. 
Toxicological and Environmental Chemistry 
hwy ye i Vol. 17, No. 2, p 91-101, 1988. 2 fig, 5 
tab, 8 ref. 


Descriptors: *Path of pollutants, *Chlorinated hy- 
drocarbons, *Water pollution sources, *Toxic 
wastes, *Japan, *Toxicity, Rivers, Estuaries, Mol- 
lusks, Mussels, Municipal wastes, Incineration, 
Sediments, Fly ash. 


In order to search for the source of polychlorinat- 
ed dibenzo-p-dioxins and polychlorinated dibenzo- 
furans in blue mussels in Osaka bay, sediments 
from Osaka bay and from rivers running near an 
urban municipal incinerator were analyzed for pol- 
ychlorinated dibenzo-p-dioxins, polychlorinated di- 


benzofurans and polychlorinated biphenyls. The 
river and estuary sediments were contaminated 
with polychlorinated dibenzo-p-dioxins at average 
levels of 9.8 and 12 ppb on the dry basis, polychlo- 
rinated dibenzofurans of 7.8 and 5.1 ppb, and poly- 
chlorinated biphenyls of 1600 and 1300 ppb, re- 
spectively. The two sediments contained similar 
profiles of specific isomers and congeners of poly- 
chlorinated dibenzo-p-dioxins and polychlorinated 
dibenzofurans. There was also positive correlation 
between polychlorinated dibenzo-p-dioxin and pol- 
ychlorinated dibenzofuran levels in the two speci- 
mens as well as fly ash from urban municipal 
incinerators. The main source of the two chemicals 
in Osaka bay probably was the fly ash. (Author’s 
abstract) 

W89-01440 


METAL MULTIVARIATE RELATIONS IN EC- 
OLOGICAL SEGMENTS, 

Universidad del Pais Vasco, Bilbao (Spain). 

R. Romero, C. Elejalde, and G. Gomez. 
Toxicological and Environmental Chemistry 
Lg me Vol. 17, No. 2, p 117-127, 1988. 2 fig, 5 
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Descriptors: *Path of pollutants, *Metals, *Heavy 
metals, *Statistical methods, Ecological distribu- 
tion, Air pollution, Flora, Mollusks, Sediments, 
Springs, Factor analysis, Linear multiple regres- 
sion. 


Multivariate statistical methods were used to ana- 
lyze the metal contents of different ecological seg- 
ments (air, plants, mollusks, soils, springs) separat- 
ing macroconstituents (Na, K, Ca, Mg) from heavy 
metals (Cr, Mn, Fe, Ni, Co, Pb, Cu, Zn, Cd). 
Factor analysis was a powerful tool showing the 
relations between the macrocomponents and the 
classification of segments according to pollution 
intensity. Linear multiple regression analysis was 
used to obtain mathematical equations to connect 
segments and to explain the source of the pollution. 
Not much information was obtained, however, by 
the application of linear discriminant function anal- 
ysis or repeated measurements analysis. (Author’s 
abstract) 

W89-01441 


W LEVELS OF COPPER AND LEAD IN A 
HIGHLY INDUSTRIALIZED R, 
International Lab. of Marine Radioactivity, 
Monaco-Ville (Monaco). 

For primary bibliographic entry see Field 7B. 
W89-01442 


LOSS OF HALIDE AND SULPHATE IONS 
FROM MELTING ICE, 

University of East Anglia, Norwich (England). 
School of Environmental Sciences. 

P. Brimblecombe, S. L. Clegg, T. D. Davies, D. 
Shooter, and M. Tranter. 

Water Research WATRAG, Vol. 22, No. 6, p 693- 
700, June 1988. 4 fig, 18 ref, append. 


Descriptors: *Snowmelt, *Melting, *Ice chemistry, 
*Path of pollutants, *Halides, *Solute transport, 
*Sulfates, Bromides, Chlorides, Iodides, Ions, 
Fluorides, Artificial ices, Mathematical models. 


Artificial ices of known composition were melted 
under laboratory conditions to monitor the relative 
ionic composition of the meltwaters. Chloride, bro- 
mide, and iodide tend to be lost from the melting 
ice more readily than fluoride, which is incorporat- 
ed into the ice grain interior. The presence of 
ammonium ions further inhibits fluoride loss. Hy- 
drogen ions cause fluoride to be lost as readily as 
the other halides. Sulfate is lost more rapidly than 
chloride at environmental concentrations (< 100 
micromole/l), but at higher concentrations 
(approx. 0.01 mole/1) chloride can be lost as read- 
ily as sulfate. The composition of meltwater may 
be described in terms of the mixing of two solu- 
tions: (1) intergranular surficial brines with a high 
solute concentration, which occupy the ice grain 
boundaries and (2) relatively dilute meltwater de- 
rived from the ice grain interiors. Deviations from 
simple two-component behavior suggest slightly 
different distributions for the chloride and the sul- 


fate ions in the interfacial region between the brine 
and the intragranular ice. The melting of such 
systems was examined using a simple mathematical 
model. (Author’s abstract) 

W89-01447 


INFLUENCE OF PARTITION COEFFICIENT 
OF LIPOPHILIC COMPOUNDS ON BIOCON- 
CENTRATION KINETICS WITH FISH, 

Griffith Univ., Nathan (Australia). School of Aus- 
tralian Environmental Studies. 

D. W. Hawker, and D. W. Connell. 

Water Research WATRAG, Vol. 22, No. 6, p 701- 
707, June 1988. 5 fig, 2 tab, 24 ref. 


Descriptors: *Hazardous wastes, *Bioaccumula- 
tion, *Bioconcentration, *Fish, *Lipophilic com- 
pounds, *Depuration rate, *Partition coefficients, 
Aquatic animals, Kinetics, Path of pollutants, 
Mathematical studies, Molecular structure, Mathe- 
matical equations, Chlorinated hydrocarbons. 


Application of the kinetic theory for the biocon- 
centration of lipophilic compounds by fish results 
in the development of a direct linear relationship 
between the reciprocal of the clearance, or depura- 
tion rate constant (1/k2) and a compound’s octa- 
nol-water partition coefficient (Kow). This rela- 
tionship is in close agreement with the available 
experimental data on fish. However, the bulk of 
the data fall into a range where a significant direct 
relationship between log 1/k2 and log Kow also is 
possible and has been previously demonstrated. 
The 1/k2 to Kow relationship requires the uptake 
rate constant kl to reach a maximum 33/hr for 
fish, instead of increasing with increasing Kow 
values as required by the log 1/k2 to log Kow 
relationship. The derived values for the time to 
achieve equilibrium (teq) indicate a constant time, 
2.3 days for fish, for compounds with a Kow less 
than 1000, increasing to 0.75 yr with compounds 
having a Kow of 1,000,000. The teq values for 
superlipophilic compounds (Kow > 1,000,000) can 
be obtained by extrapolation, but cannot be veri- 
fied satisfactorily by the limited experimental data 
available in this range. These data suggest, howev- 
er, that substantial increases in time may be re- 
— The prediction of the bioconcentration 
actor from Kow values requires the establishment 
of equilibrium. In many situations in the laboratory 
and the aquatic environment, this does not occur, 
and with compounds havin ng higher Kow values, 
new relationships are established that de; nd on 
the time period of bioconcentration. (Author’s ab- 
stract) 

W89-01448 


MASS TRANSPORT TO STREAMBED BIO- 
FILMS, 

Minnesota Univ., Minneapolis. Dept. of Civil and 
Mineral Engineering. 

G. J. Gantzer, B. E. Rittmann, and E. E. Herricks. 

Water Research WATRAG, Vol. 22, No. 6, p 709- 
722, June 1988. 8 fig, 1 tab, 41 ref. University of 
Illinois Water Resources Center Project S-098- 


Descriptors: *Biofilms, *Mass transport, *Model 
studies, *Water quality, *Biodegradation, *Sedi- 
ment-water interfaces, Organic matter, Gravel, 
Cobbles, Bed sediment, Self-purification, Velocity, 
Water currents, Temporal variation, Mathematical 
models, Interstitial waters. 


A mass transfer equation was develo to ac- 
count for the movement of biodegradable materials 
from the water column of shallow streams to the 
biofilm-colonized surfaces of sand-free gravel and 
cobble streambeds. The equation was developed 
from a series of well-controlled, batch biodegrada- 
tion tests performed in an artificial stream with 
streambeds between 1.5 and 2 rock layers thick. 
The batch tests determined the sensitivity of sub- 
strate flux into the streambed biofilms to short- 
term changes in water velocity. Experimental re- 
sults indicated that substrate flux into the cobble- 
streambed biofilms was more sensitive than flux 
into the gravel-streambed biofilms to short-term 
changes in water velocity, and that cobble stream- 
bed had faster removal rates. Rates of substrate 





removal by both streambeds were much more sen- 
sitive to short-term changes in water velocity than 
would be predicted by previous mass transport 
models, which only addressed the transport of 
materials form the water column to the external 
(exposed) surface of the streambed. This greater 
than expected sensitivity to changes in water ve- 
locity suggests that interstitial biofilms play an 
important role in determining substrate removal 
rates in streams with sand-free gravel and cobble 
streambeds. (Author’s abstract) 

W89-01449 


— NITRIFICATION RATE PREDIC- 


Texas Univ. at Dallas, Richardson. Graduate Pro- 
ram in Environmental Sciences. 
. J. Warwick, and P. Shetty. 
Water Research WATRAG, Vol. 22, No. 6, p 723- 
732, June 1988. 5 fig, 9 tab, 41 ref. 


Descriptors: *Streams, *Nitrification, *Water qual- 
ity, *Path of pollutants, *Eutrophication, SNOAP 
Model, Mass balance, Dissolved oxygen, Nitrogen, 
Prediction, Kinetics, Model studies, Cycling nutri- 
ents. 


A complex, simultaneous nitrogen and dissolved 
oxygen mass balancing program (SNOAP) was 
used to accurately assess actual in-stream nitrifica- 
tion rate coefficients. These rate coefficients are 
compared against estimations from observed spa- 
tial changes in various bulk fluid nitrogen species 
concentrations. Total Kjeldahl N change was the 
most accurate predictor of in-stream nitrification. 
Proposed nitrification rate coefficient estimation 
functions have r2 values exceeding 0.90. Perform- 
ing a complete N and DO mass balance (e.g., the 
SNOAP model) requires an extensive data base, 
which may be unattainable in some situations. Ex- 
pressions are provided that it is hoped may facili- 
tate a relatively quick, inexpensive, and accurate 
means for assessing the magnitude of in-stream 
nitrification. (Rochester-PTT) 

W89-01450 


EFFECTS OF FLUORIDE CONCENTRATION 
IN SEAWATER ON GROWTH AND FLUO- 
RIDE ACCUMULATION BY SYDNEY ROCK 


COMMERCIALIS) 
AND FLAT OYSTER (OSTREA ANGAS)D) SPAT, 
New South Wales Dept. of Agriculture, Sydney 
(Australia). Div. of Fisheries. 
pF _ bibliographic entry see Field SC. 


ARSENIC SPECIATION AND QUALITY OF 
GROUNDWATER IN A LEAD-ZINC MINE, 
IDAHO, 

Idaho Univ., Moscow. Dept. of Smee. 

W. M. Mok, "L.A. Riley, and C. M. W: 

Water Research WATRAG, Vol. 22, “No. 6, p 769- 
774, June 1988. 3 fig, 2 tab, 13 ref. 


Descriptors: *Arsenic, *Groundwater pollution, 
*Path of pollutants, *Water pollution sources, 
*Leaching, *Heavy metals, *Chemical speciation, 
*Mine wastes, Idaho, Zinc, Lead, Coeur d’Alene 
Mining District, Coeur d’Alene River, Seasonal 
variation, le ys ion concentration, Acidic 
water, Pollutant identification, Oxidation-reduction 
potential, Leaching, Surface-groundwater rela- 
tions, Rivers. 


The variations of As(V)/As(III) ratio, with respect 
to metal contents and pH in groundwater of 
Bunker Hill Mine, near Kellogg, a major lead-zinc 
mine in the Coeur d’Alene Mining District, Idaho, 
were studied. A wide range of As concentrations 
and As(V)/As(III) ratios were observed in the 
groundwaters collected from this mine. Samples 
with high As(V)/As(III) ratios generally were 
acidic (pH <3) and contained elevated metal 
levels. Seasonal variations in the As species ratio 
correlated positively with metal contents in water 
and were attributed to changing in redox environ- 
ments and leaching of metals by groundwaters. As 
is less soluble in mine waters with pH >3, and its 
chemical behavior appears to be controlled by iron 
hydroxide precipitate. In comparison with Eh 
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measurement by Pt electrode, the As(V)/As(III) 
ratio seems to be a more sensitive indicator for 
evaluating the redox status of a groundwater 
system. As species in the surface waters collected 
from the Coeur d’Alene River were measured for 
comparison. (Author’s abstract) 

W89-01456 


LAND FARMING OF RESERVE PIT FLUIDS 
AND SLUDGES: FATES OF SELECTED CON- 
TAMINANTS, 

Oklahoma State Univ., Stillwater. 

M. H. Bates. 


Water Research WATRAG, Vol. 22, No. 6, p 793- 
797, June 1988. 6 tab, 9 ref. 


Descriptors: *Path of pollutants, *Land disposal, 
*Oil wastes, *Sludge, *Heavy metals, *Soil con- 
tamination, Fate of pollutants, Bioaccumulation, 
Zinc, Chromium, Barium, Chlorides, Reserve pit 
fluids, Grass, Solute transport, Soil water, Leach- 
ing. 


The fates were examined of Zn, Cr, Ba, and chlo- 
ride in a silt loam and a sandy soil resulting from 
land farming of slurried reserve pit wastes. The 
uptake of these pollutants by bermuda grass, soils, 
and/or the transport of the ions through the soil 
column was investigated. It was demonstrated 
clearly by this laboratory study that contaminants 
added to soils from the land farming of reserve pit 
fluids were taken up by vegetation and/or trans- 
ported through the soil column. However, the 
quantities of metals leached were very small com- 
pared to the total metal loading. The extent of 
transport of Zn and Cr appeared to be a function 
of soil type, whereas the mobility of Ba and was 
probably affected by the presence of Ci(-). Chlo- 
ride added to the soils was transported readily. 
(Author’s abstract) 

W89-01460 


URBAN RUNOFF AND COMBINED SEWER 
OVERFLOW, 
So and Spina, Liverpool, NY. 

N. DeGuida. 


oan - Water Pollution Control Federation 
IWPFAS, Vol. 60, No. 6, p 864-867, hae 1988. 39 


Descriptors: Le 10 review, *Urban runoff, 
*Storm runoff, *Com! sewer overflows, 
“Wastewater ‘disposal, ee * pollution 
sources, Hydrology, Runoff, Chemical p 

Water pollution sources, Wastewater aes 
Water pollution effects, Urban areas, Urban hy- 
drology. 


Literature published in 1987 on urban runoff and 
combined sewer overflow is summarized under the 
following headings: hydrology, runoff characteris- 
tics (chemical properties), nonpoint pollution man- 
agement, control and treatment, and receivin 
water impacts. The review aims to include all 
pertinent, important and significant articles with- 
out evaluating their merit; when selections were 
made, availability of documents and the presence 
of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01481 


COAL AND COAL MINE DRAINAGE, 
Tennessee Valley Authority, Chattanooga. Div. of 
Air and Water Resources. 

For primary bibliographic entry see Field 5G. 
W89-01488 


NONPOINT SOURCES, 

Northwest Colorado Council of Governments, 
Frisco. 

For primary bibliographic entry see Field 5G. 
W89-01495 


MIXING AND TRANSPORT, 
poy tate np Acton, MA. 
D. P. Galya. 
Journal - Water Poilution Control Federation 
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JWPFAS, Vol. 60, No. 6, p 933-940, June 1988. 
142 ref. 


Descriptors: *Literature review, *Rivers, *Estu- 
aries, *Coastal waters, *Lakes, *Path of pollutants, 
Mixing, Solute transport, Plumes, Jets, Hydraulic 
models, Sediment transport, Water currents, Trac- 
ers, Remote sensing, Turbulence, Hydrodynamics. 


Literature published in 1987 on mixing and trans- 
port of water pollutants is summarized under the 
following headings: rivers and streams, lakes, estu- 
aries, coastal waters, stratified fluids, and jets and 
plumes. Currents, sediment transport, hydraulic 
modeling, resuspension, tracers, remote sensing, 
turbulence, and behavior of jets are discussed. The 
review aims to include all pertinent, important and 
P ificant articles without evaluating their merit; 
when selections were made, availability of docu- 
ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 
W89-01496 


GROUNDWATER QUALITY, 

North Carolina Univ., Chapel Hill. Dept. of Envi- 
ronmental Sciences and Engineering. 

C. T. Miller, and D. R. Comalander. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 961-978, June 1988. 
207 ref. 


Descriptors: *Literature review, *Groundwater 

llution, *Water pollution control, *Path of pol- 
utants, *Groundwater movement, Hydrodyna- 
mics, Chemical reactions, Biodegradation, Viruses, 
Saline water intrusion, Risk assessment, Monitor- 
ing, Remedies, Gases, Diffusion, Sorption, Desorp- 
tion. 


Literature published in 1987 on groundwater qual- 
ity from the perspective of water pollution control 
is summarized under the following headings: 
single-phase systems (hydrodynamics, sorption/de- 
sorption, chemical reactions, biodegradation, vi- 
Tuses, a on and moni- 
to two- 8 

Pp : ystems (hyd: yecmion Ssorp- 


pb risk a and multiphase systems. The 
all pertinent, ee = 


to include 
sgniicant sundae without ee at 
selections were made, av: ity of dove 


ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01499 


THERMAL EFFECTS, 

South Carolina Public Service Authority, Moncks 
Corner. 

For primary bibliographic entry see Field 5C. 
W89-01500 


FATE OF POLLUTANTS, 

Environmental Protection Agency, Gulf Breeze, 
FL. Gulf Breeze Environmental Research Lab. 
P. H. Pritchard. 

Journal - Water Pollution Control Federation 
“=a Vol. 60, No. 6, p 983-994, June 1988. 
176 ref. 


Descriptors: *Literature review, *Fate of pollut- 
ants, *Chlorinated compounds, *Xenobiotic com- 
pounds, *Hydrocarbons, ‘*Pesticides, *Heavy 
metals, Biodegradation, Chemical reactions, 
Wastewater treatment, Sedimentation, Monitoring, 
Ecosystems, Water pollution control. 


Literature published in 1987 on fate of pollutants in 
aquatic systems is sum under the following 
headings: chlorinated xenobiotic chemicals, nonch- 
lorinated xenobiotic chemicals, hydrocarbons, pes- 
ticides, and heavy metals. Chemical processes, bio- 
degradation, wastewater treatment options, sedi- 
mentary processes, and monitoring are discussed. 
The review aims to include all pertinent, important 
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and significant articles without evaluating their 
merit; when selections were made, availability of 
documents and the presence of new information in 
the article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01501 


AQUATIC SEDIMENTS, 

Environmental Protection Agency, Chicago, IL. 
Environmental Services Div. 

W. S. Davis, and T. J. Denbow. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 1077-1088, June 1988. 
219 ref. 


Descriptors: *Literature review, *Sediments, *Pol- 
lutant identification, *Dredging, *Paleolimnology, 
Oxygen demand, Organic carbon, Nutrients, 
Metals, Radionuclides, Model studies, Sediment 
transport, Path of pollutants, Fate of pollutants. 


Literature published in 1987 on aquatic sediments 
in relation to water pollution control is summa- 
rized under the following headings: methods, bio- 
logical activity, oxygen demand and organic 
carbon, nutrients, metals, radionuclides, organics, 
dredging, and modeling, sediment transport and 
paleolimnology. The review aims to include all 
pertinent, important and significant articles with- 
out evaluating their merit; when selections were 
made, availability of documents and the presence 
of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01504 


DETECTION AND OCCURRENCE OF WATER- 
BORNE BACTERIAL AND VIRAL PATHO- 
GENS, 

Virginia Polytechnic Inst., Blacksburg. 

For primary bibliographic entry see Field 5A. 
W89-01508 


PROCEEDINGS OF THE NWWA/API CON- 
FERENCE ON PETROLEUM HYDROCAR- 
BONS AND ORGANIC CHEMICALS IN 
GROUND WATER-PREVENTION, DETEC- 
TION AND RESTORATION. 

Houston, Texas. November 17-19, 1987. National 
Water Well Association, Dublin, OH. 1987. p 578. 


Descriptors: *Groundwater pollution, *Oil spills, 


*Oil recovery, *Water pollution treatment, *Pol- 
lutant identification, Water pollution prevention, 
Water pollution control, Path of pollutants, Organ- 
ic compounds, Models, Hydrocarbons, Soil con- 
tamination, Biodegradation, Cleanup operations. 


The National Water Well Association/American 
Petroleum Institute (NWWA/API) Conference 
and Exposition on Petroleum Hydrocarbons and 
Organic Chemicals in Ground Water-Prevention, 
Detection and Restoration, was held in Houston, 
Texas, on November 17-19, 1987. The conference 
covered a wide range of topics including preven- 
tion of groundwater contamination, treatment 
levels for groundwater cleanup, hydrocarbon re- 
covery technology, alternative treatment tech- 
niques, venting and aeration techniques, biorestora- 
tion, monitoring well technology, soil gas sampling 
techniques, fate and transport of petroleum hydro- 
carbons and organic chemicals in the vadose zone 
and groundwater, and biodegradation. Govern- 
ment Officials, consulting geologists and engineers, 
researchers, industry representatives and other in- 
terested persons met to learn and discuss state-of- 
the-art techniques employed in preventing, detect- 
ing and restoring groundwater contamination re- 
sulting from petroleum hydrocarbons and organic 
chemicals. Additionally, the latest in state-of-the- 
art instrumentation and equipment was discussed 
and displayed. The conference provided a forum 
for all who attended to communicate and share 
their experiences in this rapidly developing field. 
These proceedings are a compilation of papers 
presented by the symposium speakers. (See W89- 
01531 thru W89-01563) 

W89-01530 


COMPARISON OF GROUND WATER CLEAN- 
UP LEVELS; TWO CASE HISTORIES, 

IT Corp., Monroeville, PA. 

For primary bibliographic entry see Field 5G. 
W89-01532 


USE OF RISK ASSESSMENT TO DEFINE A 
CORRECTIVE ACTION PLAN FOR LEAKING 
UNDERGROUND STORAGE TANKS, 

Gradient Corp., Cambridge, MA. 

For primary bibliographic entry see Field 6E. 
W89-01533 


INTERPRETATION OF TIDALLY AFFECTED 
GROUND-WATER FLOW SYSTEMS IN POL- 
LUTION STUDIES, 

Geological Survey, Trenton, NJ. Water Resources 
Div. 

M. E. Serfes. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 55-73, 6 fig, 10 ref. 


Descriptors: *Path of pollutants, *Groundwater 
movement, *Groundwater pollution, *Tidal ef- 
fects, Water table fluctuations, Tidal currents, 
Flow velocity, Test wells, Aquifers, Pressure dis- 
tribution, Hydraulic gradient. 


Tidal fluctuations in surface-water bodies produce 
progressive pressure waves in adjacent aquifers. 
These pressure waves propagate through the aqui- 
fer resulting in periodic fluctuations in groundwat- 
er elevation. These pressure waves are generated 
from movement of tidal water into and out of 
submarine outcrops or by loading and unloading of 
confined layers. Cyclic groundwater level fluctua- 
tions can hamper attempts to determine the direc- 
tion and velocity of contaminant transport in 
groundwater using standard methods. Contaminant 
transport information is critical for the selection of 
monitor-well locations, for conducting applicable 
risk assessment analyses and for selecting remedial 
designs. At any point where groundwater levels 
cyclically fluctuate the hydraulic gradient varies 
about a mean value. The velocity and direction of 
—- flow varies throughout the cycle; 
jowever, the net effect can be determined from the 
mean i The mean hydraulic gra- 
dient can be calculated based on time-weighted 
averages of groundwater elevations collected 
throughout a diurnal tidal cycle. Before ground- 
water elevations are averaged however they must 
be corrected for barometric pressure effects, if 
applicable, and long period disturbances in ground- 
water elevation. A crude estimate of aquifer trans- 
missivity can also be calculated based on the at- 
tenuation of a propagating pressure wave as a 
function of the distance between sampling points 
within the aquifer. (See also W89-01530) (Author’s 
abstract) 
W89-01535 


FATE AND TRANSPORT OF RESIDUAL HY- 
DROCARBON IN GROUNDWATER: A CASE 
STUDY, 

Shell Oil Co., Houston, TX. 

M. W. Kemblowski, J. P. Salanitro, G. M. Deeley, 
and C. C. Stanley. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 207-231, 18 fig, 4 tab, 20 ref. 


Descriptors: *Path of pollutants, *Hydrocarbons, 
*Gasoline, *Fate of pollutants, *Groundwater pol- 
lution, *Benzenes, Plumes, Water pollution treat- 
ment, Cleanup operations, Groundwater move- 
ment, Lead, Biodegradation, Dissolved oxygen, 
Models. 


The residual and soluble hydrocarbon behavior at 
a gasoline leak site was investigated. The study 
included estimation of the aquifer’s hydraulic prop- 
erties and contamination, laboratory analysis of 
benzene, toluene, and xylene (BTX) sorption on 
the soil, analysis of the soil and soluble lead con- 
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centrations, and laboratory experiments on ben- 
zene biodegradation. These data were then used to 
model the soluble plume transport at the site. In- 
creases in benzene concentration were observed in 
the vicinity of the recovery well after the recovery 
operation terminated. This is attributed to the dis- 
solution of the residual hydrocarbon that was en- 
trapped in the cone of depression during recovery. 
The areal extent of the plume has not increased 
significantly due to the apparent establishment of a 
new equilibrium state between dissolution and bio- 
degradation. The batch equilibrium results for 
sorption of BTX were described by linear isoth- 
erms, and used in the analysis of the transport of 
soluble benzene plume. Insufficient data were 
available for determining the influence of gasoline 
associated lead on soil lead concentrations. Over- 
lap of the leak site with areas receiving lead from 
automobile exhaust precluded the identification of 
gasoline lead. The concentration of soluble lead 
correlates with pH and not soil lead concentration. 
A threshold may exist for dissolved oxygen (DO) 
in groundwater (e.g. 0.5 ppm) below which aero- 
bic degradation is reduced and above which trans- 
formation is stimulated. Benzene appears to be 
degraded nearly completely to CO2 at concentra- 
tions of 50-5000 ppb and groundwater DO levels 
> 2 ppm. Analysis of conditions of this site indi- 
cates that biodegradation of the soluble plume may 
depend upon the diffusive transport of oxygen 
from the vadose zone into groundwater. This com- 
plex mechanism can be approximated using first- 
order degradation of soluble hydrocarbon. A ma- 
crodegradation rate of 0.85%/day was obtained as 
a result of this simplified model’s calibration. Anal- 
ysis of data from other sites shows that the first 
order degradation approximation can be success- 
fully utilized to analyze the fate of soluble hydro- 
carbon plumes. (See also W89-01530) (Author's 
abstract) 

W89-01543 


DETERMINATION OF A REALISTIC ESTI- 
MATE OF THE ACTUAL FORMATION PROD- 
UCT THICKNESS USING MONITOR WELLS: 
A FIELD BAILOUT TEST, 

S and ME, Inc., Atlanta, GA. 

T. S. Gruszczenski. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 235-253, 3 tab, 7 ref. 


Descriptors: *Pumping tests, *Test wells, 
*Groundwater pollution, *Path of pollutants, *Oil 
spills, Graphical methods, Leakage, Storage tanks, 
Monitoring, Soil types, Oil-water interfaces. 


A field test to determine a realistic estimate of the 
actual formation product thickness as measured in 
monitor wells is outlined. This empirical test is 
similar to a rising head slug test. Product that has 
accumulated in a monitor well is bailed out and the 
rising water/product levels are recorded with time 
using an oil/water interface probe. This test has 
been performed on various sites underlain by resid- 
ual Piedmont soils of the southeastern United 
States. The results of this test yield two basic curve 
types. Type one curves were observed in monitor 
wells with product accumulation less than several 
inches. This curve type indicates a one to one 
correspondence between the measured and actual 
formation product thickness. Type two curves 
were observed in monitor wells with product accu- 
mulation greater than 12 inches. This curve type 
indicates an inflection point prior to stabilization of 
water product levels. This inflection point is the 
actual equilibrium point during the accumulation 
of water and product. The stabilized water and 
product levels recorded represents a pseudoequili- 
brium caused by the difference in specific gravity 
and height of capillary fringe. This inflection point 
indicates a 70% to 95% reduction between the 
measured and actual formation product thickness. 
(See also W89-01530) (Author’s abstract) 
W89-01544 





GROUND WATER MONITORING EXPERI- 
ENCE AT A REFINERY LAND TREATMENT 
UNIT, 

Total Petroleum, Inc., Ardmore, OK. 

For primary bibliographic entry see Field 7A. 
W89-01546 


DETECTION AND DELINEATION OF A FUEL 
OIL PLUME IN A LAYERED BEDROCK DE- 


POSIT, 

TRC Environmental Consultants, Inc., Engle- 
wood, CO. 

For primary bibliographic entry see Field 7A. 
W89-01547 


USE OF HEADSPACE SAMPLING TECH- 
NIQUES IN THE FIELD TO QUANTIFY 
LEVELS OF GASOLINE CONTAMINATION IN 
SOIL AND GROUND WATER, 

Connecticut Univ., Storrs. Dept. of Chemistry. 
For primary bibliographic entry see Field 5A. 
W89-01548 


HYDROCARBON VAPOR PLUME DEFINI- 
TION USING AMBIENT TEMPERATURE 
HEADSPACE ANALYSIS, 

ERT, A Resource Engineering Co., Fort Collins, 
Co. 

For primary bibliographic entry see Field 5A. 
W89-01549 


MULTI DEPTH SOIL GAS ANALYSES, 

San Diego State Univ., CA. Dept. of Geological 
Sciences. 

For primary bibliographic entry see Field 5A. 
W89-01550 


SOIL GAS SURVEY AS A PRELIMINARY IN- 
VESTIGATIVE TOOL FOR HYDROCARBON 
RELEASES: COST-EFFECTIVE FIELD TECH- 
NIQUES AND AN EVALUATION OF FACTORS 
INFLUENCING THE EFFECTIVENESS OF 
THE SURVEY, 

IEP, Inc., Northborough, MA. 

For primary bibliographic entry see Field 5A. 
W89-01551 


SOIL GAS ANALYSIS OF METHANE AND 
CARBON DIOXIDE: DELINEATING AND 
MONITORING PETROLEUM HYDROCAR- 


INS, 
For primary bibliographic entry see Field 5A. 
W89-01552 


LABORATORY SETUP TO STUDY TWO-DI- 
MENSIONAL MULTIPHASE FLOW IN 
POROUS MEDIA, 

American Society for Engineering Education, 
Washington, DC. 

H. O. Schiegg, and J. F. McBride. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 371-395, 13 fig, 1 tab, 21 ref. 
Department of Energy Contract DE-AC06- 
76RLO 1830. 


Descriptors: *Multiphase flow, *Water pollution 
sources, *Path of pollutants, *Groundwater pollu- 
tion, *Mathematical models, *Groundwater move- 
ment, Vadose water, Soil porosity, Oil pollution, 
Porous media, Model studies, Isotope studies. 


A lack of experimental data currently hinders the 
validation of models for two-dimensional multi- 
phase flow in porous media. To close this gap, 
researchers are building large containers filled with 
porous media in which to perform oil propagation 
experiments in simulated vadose and water-saturat- 
ed zones. The containers are instrumented to yield 
liquid pressure and fluid saturation data. The qual- 
ity of these data depends on the researcher's ability 
to minimize the experimental error contributed by 
the instrument systems and the container materials. 
A laboratory setup is described that minimizes 
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these sources of error. A flume was built with 
inside dimensions of 280 cm in length, 60 cm in 
height, and 15 cm in cross-sectional width. The 
front and back walls of the flume consisted of 
single glass plates to prevent preferential wetting 
by the oil, as would occur on acrylic plates. A 
uniform sand with a mean grain diameter of 0.33 
mm was carefully applied in 0.15-mm layers with a 
funnel mounted on an automated cart. The 15-cm 
width was theoretically calculated to minimize the 
error in cross-sectional porosity caused by the 
larger pores next to walls. In addition, to remove 
the larger pores next to the walls, a fine sand was 
applied by the automated cart. The variation in 
porosity with height was smaller than 0.003. Hy- 
drophilic and hydrophobic pressure probes were 
installed and connected to pressure transducers. 
The response time of the pressure probe apparatus 
was less than 0.10 seconds, and the resolution was 
less than 0.2-mm H2O piezometric head. A dual- 
energy gamma attenuation system was used to 
measure fluid saturations across the width of the 
flume. A 1.0-Ci cesium source (0.662 MeV) and a 
2,000-Ci thulium source (0.084 MeV) were used to 
obtain 10-second counting times with a standard 
deviation lower than 2% fluid saturation. By mini- 
mizing the sources of error, the data obtained from 
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becomes trapped in the pore spaces due to capil- 
lary forces. This residual fluid then remains as a 
source of contamination for water flowing through 
the medium. Since halogenated hydrocarbons have 
densities greater than that of water they have the 
potential to penetrate the water table and leave 
residual amounts trapped in an aquifer. Studies 
have shown that when water is passed through a 
porous medium containing a hydrocarbon residual, 
the concentration of the dissolved hydrocarbon 
approaches saturation very quickly. However, 
these experiments were run in small columns 
where: (1) hydraulic gradients can be higher than 
those normally encountered in the field, (2) mobili- 
zation of the residual may result from these in- 
creased hydraulic gradients, and (3) it is not possi- 
ble to see if the reduced relative permeability 
caused by the trapped residual has any effects on 
the development of the dissolved contaminant 
plume. In this study, a 75 by 100 by 100 cm tank 
was constructed to contain a model aquifer consist- 
ing of Ottawa sand. A residual source of perchlor- 
oethylene (PCE) containing a water insoluble dye 
was created inside of a 15.2-cm diameter cylinder. 
After removing the cylinder, water samples were 
taken at various times from a grid of hypodermic 





a series of oil propagation experiments performed 
in the flume are suitable for the preliminary valida- 
tion of multiphase flow codes. (See also W89- 
01530) (Author’s abstract) 

W89-01553 


SORPTION AND MIGRATION OF ORGANIC 
CONTAMINANTS IN SOIL COLUMN, 

Rice Univ., Houston, TX. Dept. of Environmental 
Science and Engineering. 

A. T. Kan, and M. B. Tomson. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 397-407, 2 fig, 2 tab, 21 ref. 
EPA Grant CR-812808. 


Descriptors: *Benzenes, *Path of pollutants, *Soil 
columns, *Mathematical models, *Groundwater 
pollution, *Groundwater movement, Sorption, 
Solubility, Advection, Organic compounds, Flow 
rates, Mathematical studies, Soil contamination. 


The soil column is used to assess the effect of the 
aqueous flow rate on the mobility of benzene and 
toluene. The breakthrough curve can be fitted well 
by the one dimensional advective-dispersion equa- 
tion using the Ogata and Banks solution with dis- 
persivity equivalent to 0.5 cm. The retardation 
factors of benzene and toluene are 1.0 and 1.4. No 
slow sorption kinetics are observed with the sorp- 
tion of toluene on the soil of interest. Results show 
that to predict toluene breakthrough using an esti- 
mated partition coefficient calculated from the oc- 
tanol/water partition coefficient or solubility may 
lead to an incorrect answer. A new method is 
proposed to measure the partition coefficient di- 
rectly from the same soil column as flow experi- 
ments at zero flow rate. This approach should 
eliminate most of the uncertainty of batch experi- 
ments. (See also W89-01530) (Author’s abstract) 
W89-01554 


DISSOLUTION OF RESIDUAL DENSE NON- 
AQUEOUS PHASE LIQUID (DNAPL) FROM A 
SATURATED POROUS MEDIUM, 

Oregon Graduate Center, Beaverton. Dept. of En- 
vironmental Science and Engineering. 

M. R. Anderson, R. L. Johnson, and J. F. Pankow. 
IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 409-428, 6 fig, 5 tab, 37 ref. 


Descriptors: *Path of pollutants, *Groundwater 
pollution, *Hydrocarbons, *Model studies, Sand 
aquifers, Mathematical models, Plumes, Organic 
compounds, Hydraulic gradient, Water pollution 
sources, Porous media. 


When a non-aqueous phase liquid migrates through 
a porous medium, a certain amount of that liquid 


needles that penetrated the sand at the downgra- 
dient end of the tank. Gas chromatography was 
used to determine the dissolved PCE concentra- 
tions. Results indicate that: (1) the initial break- 
through of the plume showed very little longitudi- 
nal dispersion, (2) after the PCE concentrations 
stabilized, the values in the center of the plume 
were near or at saturation (200 ppm), (3) modeling 
the plume required a source width equal to 89% of 
the width of the cylinder, and (4) at velocities 
greater than 60 cm/day the effects of diffusion on 
plume spreading were no longer visible. Subse- 
quent excavation of the tank and inspection of the 
dye revealed a source of PCE which did not 
appear to have been mobilized by the velocities 
(10-100 cm/day) used in this experiment. (See also 
W89-01530) (Author’s abstract) 

W89-01555 


BIOPLUME II: TWO DIMENSIONAL MODEL- 
ING FOR HYDROCARBON BIODEGRADA- 
TION AND IN SITU RESTORATION, 

Rice Univ., Houston, TX. Dept. of Environmental 
Science and Engineering. 

H. S. Rifai, and P. B. Bedient. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 431-450, 7 fig, 3 tab, 26 ref. 


Descriptors: *Fate of pollutants, *Biodegradation, 
*Hydrocarbons, *Groundwater pollution, *Model 
studies, *Solute transport, Aeration, Plumes, Path 
of pollutants, Michigan, Model studies, Oxygen, 
Injection wells, Groundwater movement, Bio- 
plume II Model, Model studies, Hydrologic 
models. 


A two-dimensional model (BIOPLUME II) was 
developed for a PC/AT to simulate hydrocarbon 
transport under the influence of oxygen limited 
biodegradation. The USGS 2-D Solute Transport 
Model was modified to allow parallel processing of 
oxygen and hydrocarbon particles at every time 
step. The reaction between oxygen and hydrocar- 
bon was approximated as an instantaneous reaction 
since oxygen transport into the plume was shown 
to be rate limiting. The model incorporates retar- 
dation effects and simulates anaerobic biodegrada- 
tion and oxygen exchange with the unsaturated 
zone as a first order decay in hydrocarbon concen- 
tration. The in situ restoration schemes can be 
simulated by specifying the location of the injec- 
tion wells, the rate of injection, and the concentra- 
tion of oxygen in the injected water. A mass bal- 
ance computation is performed for oxygen and 
hydrocarbon, and the amount of mass biodegraded 
due to aerobic, anaerobic and reaeration processes 
are computed separately for the hydrocarbon. Sen- 
sitivity analyses indicated that the amount of bio- 
degraded mass is most sensitive to hydraulic con- 
ductivity, reaeration and anaerobic decay. BIO- 
PLUME II is equipped with a menu-driven pre- 
processor which provides the user with interactive 
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data input features as well as graphical output 
capability. The model has been tested at two field 
sites where oxygen limited biodegradation is 
known to occur. Results at Traverse City, Michi- 
gan indicate that the model provides a good ap- 
proximation of field conditions and all the general 
trends observed in the plume migration. (See also 
W89-01530) (Author's abstract) 

W89-01556 


EFFECTS OF DISSOLVED OXYGEN ON THE 
BIODEGRADATION OF BTX IN A SANDY AQ- 
U 


Shell Development Co., Houston, TX. 

C. Y. Chai, J. P. Salanitro, J. D. Colthart, and C. 
L. Klein. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 451-469, 8 fig, 1 tab, 6 ref, 
append. 


Descriptors: *Fate of pollutants, *Dissolved 
oxygen, *Biodegradation, *Benzenes, *Ground- 
water pollution, *Path of pollutants, Statistical 
analysis, Hydrocarbons, Fate of pollutants, Sandy 
aquifers, Groundwater movement, Mathematical 
models. 


The effect of groundwater dissolved oxygen (DO) 
levels on the biodegradation of benzene, toluene, 
and xylene (BTX) at a field site was investigated. 
An equation was developed to show how the two 
competitive attenuation processes, natural aerobic 
biodegradation and volatilization, accounted for 
the disappearance of benzene in the ground water. 
Field analyses show that when oxygen is present at 
concentrations greater than 0.9 ppm, BTX is 
absent. The relationships between DO and total 
BTX concentrations in groundwater were evaluat- 
ed by statistical analyses. A general conclusion 
from the statistical analyses was made: wells with 
lower BTX concentrations (< 1 ppm) have signifi- 
cantly higher DO levels (> 1 ppm) than wells 
containing higher BTX concentrations (>1 ppm). 
In addition, laboratory microcosm biodegradation 
experiments were performed to determine possible 
threshold limits for aromatic hydrocarbon oxida- 
tion under varying levels of DO. The results were 
remarkably consistent with field data on the pres- 
ence of high or low levels of BTX and DO in 
several monitoring well water samples. (See also 
W89-01530) (Author’s abstract) 

W89-01557 


NUMERICAL MODELING OF SUBSURFACE 
CONTAMINANT TRANSPORT WITH BIODE- 
GRADATION KINETICS, 

Rice Univ., Houston, TX. Dept. of Mathematical 
Sciences. 

M. F. Wheeler, C. Dawson, and P. B. Bedient. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 471-490, 7 fig, 1 tab, 19 ref. 


Descriptors: *Fate of pollutants, *Model studies, 
*Groundwater pollution, *Mathematical models, 
*Finite element method, *Biodegradation, *Micro- 
bial degradation, Mathematical studies, Hydrocar- 
bons, Dissolved oxygen, Michigan, Model studies, 
Groundwater movement, Path of pollutants, Well 
hydraulics. 


A comprehensive groundwater contaminant trans- 
port model based on a modified MOC and a mixed 
finite element method has been developed. The 
MOC is combined with a Galerkin finite element 
method for the transport equation, and the mixed 
finite element method solves the flow equation. 
The crucial aspect of the method is that it looks 
backward in time, along an approximate flow path 
rather than forward in time as in the moving mesh 
technique. Much larger time steps can be taken 
compared to the Galerkin finite element method 
with no loss of accuracy. Recently, the model has 
been expanded to handle microbial biodegradation. 
The chemical components are handled by a time- 
splitting method whereby the convection-disper- 


sion terms are combined with the time derivatives 
and treated as a system of ordinary differential 
equations. Thus, three equations are solved simul- 
taneously with the method, one for hydrocarbon, 
one for dissolved oxygen, and one for microbial 
growth and decay. In this model, called BIO- 
PLUS, the actual biodegradation kinetics can be 
traced through the solution of the parallel differen- 
tial equations. BIOPLUS has been tested for sever- 
al geometries and was found to provide reasonable 
results under a variety of pumping and injection 
schemes for hydrocarbon and oxygen, simulta- 
neously. The model allows hydrocarbons to be 
retarded while oxygen moves at the groundwater 
velocity from an upstream injection well. The 
model is being used to help design an injection and 
pumping biorestoration experiment at Traverse 
City, Michigan in 1987. The model handles well 
hydraulics in a very efficient way. (See also W89- 
01530) (Author’s abstract) 

W89-01558 


MASS TRANSFER OF ORGANICS BETWEEN 
SOIL, WATER AND VAPOR PHASES: IMPLI- 
CATIONS FOR MONITORING, BIODEGRA- 
DATION AND REMEDIATION, 

Oregon Graduate Center, Beaverton. Dept. of En- 
vironmental Science and Engineering. 

R. L. Johnson, C. D. Palmer, and J. F. Keely. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 493-507, 7 fig, 8 ref. 


Descriptors: *Fate of pollutants, *Organic com- 
pounds, *Biodegradation, *Advection, *Path of 
pollutants, *Mass transfer, Monitoring, Soil con- 
tamination, Groundwater pollution, Mathematical 
studies, Gasoline, Mathematical models, Model 
studies. 


A series of one-dimensional diffusion and advec- 
tion experiments were conducted to examine the 
role of mass exchange between vapor and water 
phases. The advective flow of vapors through 
damp sand with a residual of free product was 
studied to determine how successfully free-product 
could be removed by vapor pumping. In addition, 
the movement of vapors in damp sand without 
free-product present under both diffusive and ad- 
vective conditions was examined to evaluate the 
role of mass transfer in vapor movement outside of 
the free-product zone. Two conclusions can be 
drawn from the experimental results. First, mass 
exchange between pore water and pore vapor is 
sufficiently rapid to be treated as an equilibrium 
process for most scenarios. Mass transfer between 
the vapor and liquid phases will probably not limit 
biodegradation; and prediction of vapor concentra- 
tion and movement for soil gas monitoring is prob- 
ably reasonable. Second, the complete removal of 
residual hydrocarbons from the subsurface may be 
difficult to achieve in short periods by soil venting, 
due to the presence of a significant fraction of low- 
vapor pressure components in gasoline and other 
complex hydrocarbon mixtures. However, soil 
venting can be an effective means of removing the 
volatile components which often contribute most 
to the problems posed by high subsurface vapor 
concentrations. An understanding of the physical 
chemistry occurring during soil venting is impor- 
tant to the efficient application of vapor extraction 
procedures. (See also W89-01530) (Geiger-PTT) 
W89-01559 


INFLUENCE OF PORE AIR/WATER EX- 
CHANGE ON THE DIFFUSION OF VOLATILE 
ORGANIC VAPORS IN SOIL, 

Connecticut Univ., Storrs. Dept. of Geology and 
Geophysics. 

G. A. Robbins. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 509-520, 3 fig, 1 tab, 14 ref. 


Descriptors: *Soil gases, *Organic compounds, 
*Path of pollutants, *Mathematical models, *Diffu- 
sion coefficient, Groundwater pollution, Monitor- 


ing, Soil contamination, Gasoline, Soil water, Soil 
moisture. 


Knowledge of organic vapor diffusion coefficients 
in soil is important in establishing vapor monitor- 
ing systems, and in interpreting data from soil gas 
surveys. In this study relations were developed 
that relate diffusion coefficients in moist soil, dry 
soil and in air, which take into account vapor/ 
water exchange in soil. Calculations were per- 
formed to evaluate the influence of pore air/water 
exchange on the relative magnitude of vapor diffu- 
sion coefficients in soil. Constituents analyzed in- 
cluded soluble components of gasoline, and a 
number of solvents that are commonly found as 
soil and groundwater contaminants. Major findings 
from the analyses are the following. Vapor diffu- 
sion coefficients decrease in a non-linear fashion as 
a function of moisture content. The rate of de- 
crease is inversely related to Henry’s law constant 
(expressed in pressure units). The relative rate of 
vapor diffusion among constituents examined can 
significantly change as a function of moisture con- 
tent. This can lead to reversals in relative vapor 
diffusion rates in moist soil in comparison to that in 
dry soil and in air. For some constituents, air/ 
water exchange may effectively curtail vapor mon- 
itoring and detection. The exchange process can 
lead to significant vapor separation among con- 
stituents as vapors migrate in soil. This may ex- 
plain, in part, concentration variations observed in 
conducting soil gas sampling, with respect to dif- 
ferent volatile constituents. Use of empirical rela- 
tions, which only treat tortuosity, to estimate 
vapor diffusion coefficients for organic constitu- 
ents in soil may lead to significant overestimates, in 
light of their air/water exchange tendencies. (See 
also W89-01530) (Author’s abstract) 

W89-01560 


VADOSE MODEL OF GASOLINE LEAK, 

Insitu Consulting, Laramie, WY. 

J. W. Murphy, A. C. Bumb, C. R. McKee, and L. 
A. Eccles. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 521-540, 14 fig, 2 tab, 6 ref, 
append. 


Descriptors: *Vadose water, *Model studies, *Gas- 
oline, *Leakage, *Path of pollutants, *Groundwat- 
er pollution, Mathematical models, Storage tanks, 
Monitoring, Soil contamination, Model studies, 
Groundwater movement, Hydrologic models. 


Gasoline flow in a three-phase porous medium is 
computed based on a model (VADOSE) for a 
gasoline underground storage tank (UST) leaking 
into the vadose zone below the UST crib. Air/ 
gasoline soil characteristic curves (effective satura- 
tion vs. capillary pressure) are derived from air/ 
water characteristic curves for the same soils using 
a linear scaling technique. Boltzmann distribution 
curve-fitting parameters are computed for the air/ 
gasoline system by multiplying corresponding pa- 
rameters from air/water systems by scaling factors 
derived from interfacial tension ratios. Saturation/ 
pressure behavior of gasoline in the three phase 
(air/gasoline/water) system is related to the two- 
phase air/gasoline and gasoline/water characteris- 
tics through a correspondence procedure. When 
water is present at residual saturation, gasoline 
behavior is defined by a single two-phase air/ 
gasoline characteristic, which is readily scaled to 
the known air/water characteristic and is thus 
directly subject to analysis by the VADOSE pro- 
gram. The program was run for six different soil 
types for both leaking gasoline and leaking water. 
Gasoline moves downward more rapidly in a given 
soil and spreads less laterally from the point of 
origin of the leak. (See also W89-01530) (Author’s 
abstract) 

W89-01561 


ESTIMATES OF CONCENTRATIONS OF 
SOLUBLE PETROLEUM HYDROCARBONS 
MIGRATING INTO GROUND WATER FROM 
CONTAMINATED SOIL SOURCES, 





New Jersey Dept. of Environmental Protection, 
Trenton. Div. of Hazardous Site Migration. 

S. K. Stokman. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 541-558, 3 fig, 7 tab, 28 ref. 


Descriptors: *Infiltration, *Path of pollutants, 
*Groundwater pollution, *Aromatic compounds, 
*Benzenes, *Soil contamination, *Leaching, Clean- 
up operations, Water pollution treatment, Gaso- 
line, Water pollution sources, Water pollution pre- 
vention. 


The most toxic components of fuel oils threatening 
to contaminate groundwater are the aromatics 
which are relatively soluble in water. These in- 
clude the volatile organic compounds such as ben- 
zene, toluene, xylene (BTX), and others. In order 
to develop an effective remedial program for soils 
contaminated with petroleum products, it is essen- 
tial to define the ultimate fate of these toxic aro- 
matic hydrocarbons in soil and groundwater. This 
paper discusses water soluble hydrocarbons BTX, 
ethylbenzene, and naphthalene, likely to leach into 
groundwater from two different generic types of 
soil contaminated with petroleum products. As- 
suming a soil cleanup based on 100 ppm of total 
petroleum hydrocarbons, concentrations of BTX, 
ethylbenzene, and naphthalene leaching into 
groundwater were estimated using flow models for 
unsaturated and saturated soils. Estimated concen- 
trations of these hydrocarbons in groundwater 
were then evaluated to determine if they exceeded 
federal and/or state applicable or relevant and 
appropriate requirements (ARARs). With the ex- 
ception of concentrations of benzene from petrole- 
um naphtha, leaded and unleaded gasolines, and 
waste oils, 100 ppm of total petroleum hydrocar- 
bons as a soil cleanup objective for petroleum 
products results in groundwater concentrations of 
BTX, ethylbenzene, and naphthalene below 
ARARs. For those constituents in groundwater 
exceeding ARARs, soil cleanup strategies and 
levels which reduce the health risks to acceptable 
levels, are proposed. (See also W89-01530) (Au- 
thor’s abstract) 

W89-01562 


PROCEEDINGS OF THE INTERNATIONAL 
SYMPOSIUM ON SUBSURFACE INJECTION 
OF LIQUID WASTES. 

For primary bibliographic entry see Field SE. 
W89-01564 


DEEPER PROBLEMS: LIMITS TO UNDER- 
GROUND INJECTION AS A HAZARDOUS 
WASTE DISPOSAL METHOD, 

Natural Resources Defense Council, Inc., New 
York. 

For primary bibliographic entry see Field SE. 
W89-01565 


SUBSURFACE 
CANADA, 
Underground Resource Management, Inc., Austin, 
TX 


INJECTION IN ONTARIO, 


For primary bibliographic entry see Field 2F. 
W89-01582 


HYDROGEOLOGY OF SEDIMENTARY 
BASINS AS IT RELATES TO DEEP-WELL IN- 
JECTION OF CHEMICAL WASTES, 

Texas Univ. at Austin. Bureau of Economic Geol- 
ogy. 

For primary bibliographic entry see Field 2F. 
W89-01583 


APPLICATION OF FLOW, MASS TRANS- 
PORT, AND CHEMICAL REACTION MODEL- 
ING TO SUBSURFACE LIQUID INJECTION, 
Prickett (Thomas A.) and Associates, Urbana, IL. 
For primary bibliographic entry see Field SE. 
W89-01585 
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COMPARISON OF ANALYTICAL AND NU- 
MERICAL METHODS FOR EVALUATING 
CROSS-FORMATIONAL FLOW AND SELECT- 
ING THE PREFERRED INJECTION AQUIFER, 
SWAN HILLS, ALBERTA, CANADA, 

Alberta Research Council, Edmonton. Basin Anal- 
ysis Group. 

For primary bibliographic entry see Field 2F. 
W89-01587 


FLOW AND CONTAINMENT OF INJECTED 
WASTES 


Du Pont de Nemours (E.I.) and Co., Wilmington, 
D 


For primary bibliographic entry see Field SE. 
W89-01589 


CHEMICAL FATE OF INJECTED WASTES, 
Du Pont de Nemours (E.I.) and Co., Wilmington, 


DE. 

N. C. Scrivner, K. E. Bennett, R. A. Pease, A. 
Kopatsis, and S. J. Sanders. 

IN: Proceedings of the International Symposium 
on Subsurface Injection of Liquid Wastes. National 
Water Well Association, Dublin, OH. 1986. p 560- 
609, 36 fig, 13 tab, 91 ref, 9 append. 


Descriptors: *Injection wells, *Wastewater dispos- 
al, *Disposal wells, *Fate of pollutants, *Computer 
models, Dolomite, Path of pollutants, Hydrolysis, 
Ion exchange, Adsorption, Hazardous wastes, Mi- 
crobial degradation, Precipitation, Sandstones. 


The chemical fate of wastes put into disposal wells 
can be determined using standard chemical engi- 
neering techniques. The concentration of hazard- 
ous constituents is typically reduced by reactions 
within the waste itself or by reactions with the 
injection zone material, thus reducing any potential 
impact on the environment. Such reactions include 
neutralization, hydrolysis, ion exchange, adsorp- 
tion, precipitation, coprecipitation, and microbial 
degradation. Extensive research was done to quan- 
tify these phenomena, so they could be used in a 
predictive model. Neutralization, hydrolysis, and 
precipitation were modeled using data from the 
open literature: reaction rates and equilibrium con- 
stants for the dominant reactions were incorporat- 
ed into a sophisticated computer simulation that 
calculates solid-liquid equilibria of aqueous electro- 
lyte solutions. The model predicted the fate of two 
waste streams: (1) high-pH, cyanide-containing 
waste injected into sandstone is made less hazard- 
ous by hydrolysis and sand dissolution, and (2) 
FeCl3-FeCl2-HCl-H2O waste is made nonhazar- 
dous by reaction with dolomite. Experiments are 
planned to confirm certain model predictions. Fur- 
ther development and public availability of the 
model are planned. (See also W89-01564) (Author’s 
abstract) 

W89-01590 


DEEP-WELL INJECTION OF AQUEOUS HY- 
DROCHLORIC ACID, 

Massachusetts Inst. of Tech., Cambridge. Dept. of 
Chemical Engineering. 

For primary bibliographic entry see Field SE. 
W89-01591 


ROLE OF THE CRITICAL TEMPERATURE OF 
CARBON DIOXIDE ON THE BEHAVIOR OF 
WELLS INJECTING HYDROCHLORIC ACID 
INTO CARBONATE FORMATIONS, 
Environmental Protection Agency, Chicago, IL. 
Region V. 

For primary bibliographic entry see Field SE. 
W89-01592 


SUBSURFACE DISPOSAL OF LIQUID LOW- 
LEVEL RADIOACTIVE WASTES AT OAK 
RIDGE, TENNESSEE, 

Oak Ridge National Lab., TN. 

For primary bibliographic entry see Field SE. 
W89-01593 


FOCUS ON RESEARCH NEEDS, 
Texas Univ. at Austin. 


Sources Of Pollution—Group 5B 


For primary bibliographic entry see Field SE. 
W89-01597 


INTERPRETATION OF IN SITU GROUND- 
WATER QUALITY FROM WELL SAMPLES, 
For primary bibliographic entry see Field 7C. 
W89-01605 


ROLE OF AQUATIC MACROPHYTES IN NU- 
TRIENT FLOW REGULATION IN LOTIC ECO- 
SYSTEMS, 

Texas Univ. at Dallas, Richardson. Graduate Pro- 
gram in Environmental Sciences. 

B. H. Hill. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 157-167, 3 fig, 
3 tab, 55 ref. 


Descriptors: *Path of pollutants, *Fate of pollut- 
ants, *Agricultural runoff, *Agricultural runoff, 
*Macrophytes, *Nutrients, Nitrogen, Phosphorus, 
Cycling nutrients, Fluvial sediments, Biomass, Ni- 
trates, Phosphates. 


Aquatic macrophytes in an agricultural drainage 
ditch were able to accrue large amounts of nitro- 
gen (N) and phosphorus (P) during the growing 
season and hold these nutrients until tissue break- 
down in autumn. Total nutrient accumulation by 
aquatic macrophytes in a 1.4 km (8612 sq m) ditch 
was 49.0 kg N (5.65 mg N/sq m) and 11.0 kg P 
(1.29 mg P/sq m). Release of these nutrients upon 
tissue breakdown was rapid. Average breakdown 
rates, based on ash-free dry mass (AFDM) loss, for 
Elodea canadensis and Potamogeton nodosus were 
0.0615 + or - 0.0450/day and 0.0260 + or - 
0.0170/day, respectively. Time required for 95% 
loss of plant tissue was 49.0 days for Elodea and 
116.9 days for Potamogeton. Nitrogen and phos- 
phorus losses from decaying plants closely fol- 
lowed AFDM losses. Mass balances for N and P 
indicated the 94% of the N and 72% of the P 
accumulated by aquatic macrophytes were ob- 
tained from surface sediments. Sediment N and P 
pools were 864 kg and 62 kg, respectively. (See 
also W89-01599) (Author’s abstract) 

W89-01610 


PERMEABILITY OF CLAY TO ACIDIC AND 
CAUSTIC PERMEANTS, 

Missouri Univ., Rolla. 

R. W. Lentz, W. D. Horst, and J. O. Uppot. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 127-139, 5 fig, 3 tab, 11 ref. 


Descriptors: *Liners, *Water pollution sources, 
*Permeability, *Clays, *Clay minerals, Soil proper- 
ties, Hydrogen ion concentration, Soil porosity, 
Acids, Hazardous wastes, Waste disposal, Mont- 
morillonite, Bentonite, Kaolinite. 


Results of a laboratory study of the effects of 
acidic and caustic permeants upon the permeability 
of various fine-grained soils are reported. Triaxial 
falling head permeability tests were performed on 
specimens of kaolinite, kaolinite-bentonite mixture, 
and magnesium montmorillonite. Permeants used 
were hydrochloric acid with pH values of 1,3, and 
5 and water and sodium hydroxide with pH values 
of 9, 11, and 13. In no case for any of the clays or 
permeant pH did the permeability increase during 
the passage of six pore volumes of permeant, 
which indicates that no significant dissolution of 
clay minerals occurred. The only permeant that 
caused significant change in permeability was 
sodium hydroxide at a pH of 13, which caused a 
reduction in permeability of the magnesium mont- 
morillonite by a factor of 13. This was found to be 
due to precipitation of magnesium hydroxide in the 
pores. Results are compared with findings reported 
by other researchers. It is concluded that because 
of the wide variety of reactions possible between 
clays and permeant, future reports of permeability 
changes should give as much detail as possible 
about the chemistry and mineralogy of the soil 
studied. The equipment used and testing technique 
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also have significant effects on reported tests re- 
sults and should be described in detail. Also, it is 
suggested that research is needed into possible 
reactions which could be induced within the soil 
pores to create favorable changes in permeability. 
(See also W89-01612) ( Author’s abstract) 
W89-01621 


LABORATORY COMPARISON OF THE EF- 
FECTS OF WATER AND WASTE LEACHATE 
ON THE PERFORMANCE OF SOIL LINERS, 
Radian Corp., Austin, TX. 

For primary bibliographic entry see Field 8D. 
W89-01625 


EFFECT OF ORGANIC FLUIDS ON THE 
PORE SIZE DISTRIBUTION OF COMPACTED 
KAOLINITE, 

Louisiana State Univ., Baton Rouge. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 8D. 
W89-01626 


EFFECTS OF BRINE ON THE SOIL LINING 
OF AN EVAPORATION POND, 

Bureau of Reclamation, Denver, CO. 

C. W. Jones. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 213-228, 6 fig, 16 ref. 


Descriptors: *Liners, *Water pollution sources, 
*Brines, *Clays, *Permeability, *Evaporation 
ponds, Linings, Soil compaction, Soil properties, 
Seepage control, Reservoir evaporation, Soil tests. 


Information is needed concerning the long-term 
effects of brine on the permeability of clay linings 
for salt-gradient solar and salt evaporation ponds. 
A case history is presented for the soil lining at 
Anderson Lake, New Mexico, which was operated 
as a brine evaporation pond from 1963 to 1976. 
The soil lining was sampled and tested in March 
1982. At that time, the brine level was below the 
deposited salt surface and near the top of the lined 
area in the lake. From a comparison of the 1982 
tests on the lining and preconstruction tests in 
1962, the soil density appears to have increased 
slightly since lining construction, possibly due to 
effects of the brine on the soil. From approximate 
measurements of the drop in brine surface in 1982, 
the seepage through the lining appeared to be very 
low and was approximately one order of magni- 
tude below the seepage determined during the first 
year of pond operation. (See also W89-01612) (Au- 
thor’s abstract) 

W89-01627 


INTERACTIONS BETWEEN ACIDIC SOLU- 
TIONS AND CLAY LINERS: PERMEABILITY 
AND NEUTRALIZATION, 

Battelle Pacific Northwest Labs., Richland, WA. 
For primary bibliographic entry see Field 8D. 
W89-01628 


DESIGN AND TESTING OF A COMPACTED 
CLAY BARRIER LAYER TO LIMIT PERCOLA- 
TION THROUGH LANDFILL COVERS, 

Notre Dame Univ., IN. Dept. of Civil Engineer- 
ing. 

For primary bibliographic entry see Field 5G. 
W89-01629 


DESICCATION CRACKING OF SOIL BAR- 
RIERS, 

Hart Crowser, Inc., Seattle, WA. 

J. H. Kleppe, and R. E. Olson. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 263-275, 7 fig, 1 tab, 3 ref. 


Descriptors: *Water pollution sources, *Liners, 
*Clays, *Soil compaction, *Sand, Soil properties, 
Soil mechanics, Permeability, Leakage, Leaching, 
cracks, Drying, Linings. 


Compacted soil liners have been used to retard 
leakage of fluids from burial sites. If allowed to 


desiccate, such liners may shrink, crack, and lose 
their integrity. As a result of the expense and 
control problems associated with field tests, an 
initial laboratory study was made of shrinkage, 
cracking tendency, and hydraulic conductivity of 
various compacted clay/sand mixtures. The study 
showed that desiccation shrinkage increased linear- 
ly with compaction water content and was unaf- 
fected by density. Soaking prior to desiccation 
increased strains markedly for specimens compact- 
ed dry of optimum. Shrinkage strains greater than 
10% should cause serious problems in the field. 
Clay/sand mixtures were prepared which were 
crack resistant and which had low hydraulic con- 
ductivities. (See also W89-01612) (Author’s ab- 
stract) 

W89-01630 


LEACHING TEST CHARACTERIZATION OF 
IRON AND STEEL INDUSTRY WASTE, 
Thyssen A.G., Duisburg (Germany, F.R.). 

For primary bibliographic entry see Field 5A. 
W89-01635 


COMPARISON OF LEACHATE QUALITY IN 
FOUNDRY WASTE LANDFILLS TO LEACH 
TEST ABSTRACTS, 

Wisconsin Univ., Madison. Dept. of Civil and En- 
vironmental Engineering. 

R. K. Ham, W. C. Boyle, and F. J. Blaha. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
28-44, 3 fig, 7 tab, 4 ref. 


Descriptors: *Leachates, *Waste characteristics, 
*Metal finishing wastes, *Sampling, *Water analy- 
sis, *Landfills, Heavy metals, Aeration zone, 
Water quality, Industrial wastes, Leaching, Wis- 
consin, Lysimeters. 


The landfills for six ferrous foundries in Wisconsin 
were instrumented with suction lysimeters to 
sample leachate directly from the waste above the 
zone of saturation. All landfills disposed of only 
foundry process solid wastes had minimal known 
changes in processes and waste over the period of 
landfilling in the areas tested and were not located 
in groundwater. The quality of leachate from the 
lysimeters was compared to the quality of leachate 
obtained by laboratory leach testing of the auger 
cuttings obtained during lysimeter installation and 
to leach tests performed on composite raw waste 
samples obtained directly from the foundries. It is 
concluded that, even though the (EP) acid) test 
was able to predict the presence or absence of a 
contaminant in landfill leachates over half of the 
time, the test was inaccurate, in some cases grossly 
inaccurate, in predicting the actual field concentra- 
tions. It is also concluded that the EP (water) test 
was basically equal to the EP (acid) test in being 
able to predict the presence or absence of a con- 
taminant in landfill leachates. (See also W89-01634) 
(Author's abstract) 

W89-01636 


TESTING METHODOLOGIES FOR LANDFILL 
CODISPOSAL OF MUNICIPAL AND INDUS- 
TRIAL WASTES, 

Georgia Inst. of Tech., Atlanta. School of Civil 
Engineering. 

F. G. Pohland, and J. P. Gould. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
45-62, 10 fig, 3 tab, 6 ref. 


Descriptors: *Water analysis, *Industrial wastes, 
*Waste disposal, *Municipal wastes, *Landfills, 
*Heavy metals, Land disposal, Path of pollutants, 
Leachates, Recycling, Waste-assimilative capacity, 
Testing procedures, Sludge disposal, Sulfides, Car- 
bonates. 


The results of a two-year pilot-scale investigation 
on codisposal of an industrial metal treatment 
sludge with municipal refuse under the influence of 
leachate containment and recycle are used to 
reveal the environmental consequences of heavy 
metals on such a landfill management practice. 
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Comparisons between landfill simulators with and 
without varying metal sludge admixtures have pro- 
vided an opportunity for examination of selected 
testing methodologies and parameters descriptive 
of inherent physical-chemical and microbially me- 
diated reactions prevailing throughout the progress 
of landfill stabilization. Collectively, these analyses 
were sufficient to determine landfill assimilative 
capacity in terms of several controlling mecha- 
nisms including: potential inhibition of waste stabi- 
lization by mobilized heavy metals; precipitation, 
immobilization, and detoxification of heavy metals 
by entrapment and filtration; encapsulation and 
isolation of heavy metals by reaction with carbon- 
ates and sulfides; and formation of less toxic trans- 
port phase regulation. On the basis of these results, 
a method for the determination of sludge loadings 
and their effects at both present and future landfill 
codisposal sites could be proposed. (See also W89- 
01634) (Author’s abstract) 

W89-01637 


APPROACH FOR EVALUATING LONG-TERM 
LEACHABILITY FROM MEASUREMENT OF 
INTRINSIC WASTE PROPERTIES, 
Environmental Protection Service, Burlington 
(Ontario). Waste Water Technology Centre. 

For primary bibliographic entry see Field 5A. 
W89-01638 


USE OF AN UPFLOW COLUMN LEACHING 
TEST TO STUDY THE RELEASE PATTERNS 
OF HEAVY METALS FROM STABILIZED/SO- 
LIDIFIED HEAVY METAL SLUDGES, 

Army Environmental Hygiene Agency, Aberdeen 
Proving Ground, MD. Waste Disposal Engineer- 
ing Div. 

For primary bibliographic entry see Field 5A. 
W89-01639 


LEACHATE MIGRATION THROUGH CLAY 
BELOW A DOMESTIC WASTE LANDFILL, 
SARNIA, ONTARIO, CANADA: CHEMICAL 
INTERPRETATION AND MODELLING PHI- 
LOSOPHIES, 

University of Western Ontario, London. Geotech- 
nical Research Centre. 

R. M. Quigley, and R. K. Rowe. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
93-103, 9 fig, 1 tab, 7 ref. 


Descriptors: *Leaching, *Clays, *Landfills, *Lin- 
ings, *Waste disposal, *Path of pollutants, Model 
studies, Sodium, Potassium, Calcium, Magnesium, 
Chlorine, Mathematical models, Ontario, Ground- 
water movement, Solute transport, Heavy metals, 
Iron, Lead, Zinc, Copper. 


The results of field and laboratory investigations of 
a domestic waste landfill overlying 30 m of natural 
clay are presented. Four study phases extending 
over a ten-year period are summarized. Concentra- 
tion profiles for several soluble constituents 
(sodium, potassium, calcium, magnesium, chloride 
ion, and dissolved organic carbon) show migration 
to a maximum depth of approximately 1.5 m in 15 
years. This compares to an advective or seepage 
advance estimated to be only 3 to 5 cm, indicating 
migration primarily by diffusion. Concentration 
profiles for the heavy metals (iron, lead, zinc, and 
copper) indicate rapid field attenuation with migra- 
tion to only 10 cm in the carbonate-rich clayey 
soil. Graphed solutions to the coupled advection/ 
diffusion equation using constant values for influ- 
ent concentration, diffusion coefficient, and aver- 
age linearized seepage velocity are only partially 
successful in predicting the observed chemical pro- 
files because of apparent chemical partitioning at 
the waste/clay interface. A better fit is obtained by 
employing an artificial effective interface about 25 
cm above the observed interface; however, this 
does not resolve the interface problems. Recently, 
new analytical and numerical procedures have 
been developed for modelling this and other con- 
taminant migration problems. These techniques 
automatically take into account time-dependent 
concentration variations within the landfill (for 





example, because of mass transport into the soil) 
and allow for a sharp drop in concentration be- 
cause of surface effects (such as surface smear, 
drying, and interface partitioning). The numerical 
solution allows consideration of the effects of a 
thin but finite interface layer with properties differ- 
ent from those of the underlying soil. Both of these 
techniques are used in the field case resulting in 
much superior predictions than earlier models. 
(See also W89-01634) (Author’s abstract) 
W89-01640 


PENTACHLOROPHENOL ADSORPTION ON 
SOILS AND ITS POTENTIAL FOR MIGRA- 
TION INTO GROUND WATER, 

Missouri Univ., Columbia. Dept. of Civil Engi- 
rk 

S. K. Banerji, K. Piontek, and J. T. O'Connor. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
120-139, 9 fig, 5 tab, 18 ref. 


Descriptors: *Pentachlorophenol, *Adsorption, 
*Path of pollutants, *Hazardous wastes, *Ground- 
water pollution, Hydrogen ion concentration, Or- 
ganic matter, Herbicides, Leaching, Soil absorp- 
tion capacity, Missouri. 


The adsorption of pentachlorphenol (PCP) on Mis- 
souri soils was studied in laboratory batch adsorp- 
tion experiments to determine its potential for mi- 
gration into groundwater. The adsorption data ob- 
tained, using low concentrations (0.1 to 10 mg/L) 
of PCP, fit the Freundlich isotherm form. PCP, a 
weak organic acid, was found to adsorb more 
completely to Missouri soils as pH decreased, con- 
verting PCP to its acid form. High soil organic 
content was found to strongly increase PCP ad- 
sorption. However, most (84%) of the PCP ad- 
sorption was reversible. Overall, at the pH values 
observed (5.7, 6.7), Missouri soils would be expect- 
ed to retard the movement of pentachlorphenol 
through adsorption. (See also W89-01634) (Au- 
thor’s abstract) 

W89-01642 


SORPTION KINETICS OF COMPETING OR- 
GANIC SUBSTANCES ON NEW JERSEY 
COASTAL PLAIN AQUIFER SOLIDS, 

Cook Coll., New Brunswick, NJ. Dept. of Envi- 
ronmental Science. 

C. G. Uchrin, and J. Katz. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
140-150, 6 fig, 7 tab, 21 ref. 


Descriptors: ‘*Sorption, *Phenols, *Benzenes, 
*Path of pollutants, *Groundwater pollution, *In- 
dustrial wastes, Soils, Aquiferd, Leachates, Ad- 
sorption, Kinetics, Mathematical models. 


Batch rate and equilibrium experiments were con- 
ducted to examine the sorption characteristics of a 
mixed solute system consisting of para-dichloro- 
benzene (p-DCB) and 2,4-dichlorophenol (2,4- 
DCP) to solids from two New Jersey coastal plain 
aquifer systems. Results were compared to previ- 
ously reported results obtained for single solute 
systems. The p-DCB effected a slight enhancement 
on the 2,4-DCP sorption to the Potomac-Raritan- 
Magothy (PRM) aquifer solids rather than an in- 
Pe effect. This was also noted for the —r. 
tion of p-DCB on the Cohansey aquifer solids in 
the pe + of 2,4-DCP. The other systems (2,4- 
DCP on the Cohansey aquifer solids in the pres- 
ence of p-DCB and p-DCB on the PRM aquifer 
solids in the presence of 2,4-DCP) exhibited indis- 
cernible competitive effects. The —_ solids 
with the larger organic content adsorbed more of 
each substance. The data obtained using the more 
homogeneous aquifer solids evidenced less scatter. 
(See also W89-01634) (Author’s abstract) 
W89-01643 


USE OF FLEXIBLE MEMBRANE LINERS FOR 
INDUSTRIAL AND HAZARDOUS WASTE DIS- 
POSAL, 

Drexel Univ., Philadelphia, PA. Dept. of Civil 
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Engineering. 
For primary bibliographic entry see Field 5E. 
W89-01645 


MIGRATION OF LEACHATE SOLUTION 
THROUGH CLAY LINER AND SUBSTRATE, 
McGill Univ., Montreal (Quebec). 

R. N. Yong, M. A. Warith, and P. Boonsinsuk. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
208-225, 14 fig, 5 tab, 11 ref. 


Descriptors: *Liners, *Leachates, *Path of pollut- 
ants, *Clays, *Linings, *Waste disposal, *Landfills, 
Municipal wastes, Leaching, Organic matter, 
Heavy metals, Salts, Theoretical analysis, Chlor- 
ides, Performance evaluation. 


The migration of various contaminants in a sensi- 
tive soil, used as liner and in-situ substrate in an 
actual landfill site, is investigated in controlled 
laboratory column leaching tests. Using the actual 
leachate collected from the site the laboratory tests 
show good attenuation of the heavy metals studied 
and lesser attenuation of the salts. Comparison 
between predicted and concentration profiles, 
using chloride as an example, shows that there is 
significant need to account for the time and spatial 
variation of the specific dispersion coefficients, 
caused by continued leaching or intrusion of the 
contaminants, if proper accord between predicted 
and measured profiles is to be achieved. (See also 
W89-01634) (Author’s abstract) 

W89-01646 


EFFECT OF PORE FLUID PH ON THE DY- 
NAMIC SHEAR MODULUS OF CLAY, 

Lehigh Univ., Bethlehem, PA. Environmental 
Geotechnology Lab. 

For primary bibliographic entry see Field 8D. 
W89-01647 


REMOTE SENSING METHODS FOR WASTE 
SITE SUBSURFACE INVESTIGATIONS AND 
MONITORING, 

Office of Radiation Programs, Las Vegas, NV. 
For primary bibliographic entry see Field 7B. 
W89-01648 


RESULTS OF AN _ INTERLABORATORY 
STUDY OF A COLUMN METHOD FOR 
LEACHING SOLID WASTES, 

Western Michigan Univ., Kalamazoo. 

R. A. Miner, C. Van Maltby, and L. R. Dell. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
375-389, 4 fig, 5 tab, 16 ref. 


Descriptors: *Leaching, *Solid wastes, *Fly ash, 
*Testing procedures, Lysimeters, Leachates, 
Waste disposal, Metals, Standard deviation, 
Column method. 


A method for generating aqueous leachates from 
solid wastes in a column apparatus has been draft- 
ed by ASTM Subcommittee D34.02.02 on Column 
Extraction Methods. The method was subjected to 
a five-laboratory study using fly ash as a waste 
material. The within laboratory relative standard 
deviation for metals (based on the results from 
three laboratories with a columns) was ap- 
moron 35%. The overall single test reproduc- 
bility in terms of relative standard deviation 
(based on the results from these same laboratories) 
was approximately 55%. This excludes inter-labo- 
ratory analytical effects because all analyses were 
yrs y a central laboratory. (See also W89- 
1634) (Author's abstract) 
W89-01657 


BATCH TYPE 24-H DISTRIBUTION RATIO 
FOR CONTAMINANT ADSORPTION BY SOIL 
MATERIALS, 

Illinois State Geological Survey Div., Champaign. 
Geochemistry Section. 

For primary bibliographic entry see Field 7B. 
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W89-01658 


HAZARDOUS WASTES IN GROUND WATER: 
A SOLUBLE DILEMMA. 

Alberta Research Council, Edmonton. 

For primary bibliographic entry see Field 2F. 
W89-01661 


ROLE OF MASS TRANSPORT MODELING, 
Alberta Univ., Edmonton. Dept. of Geology. 

F. W. Schwartz, G. L. McClymont, and L. Smith. 
IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 2-12, 8 fig, 23 ref, append. 


Descriptors: *Groundwater pollution, *Ground- 
water movement, *Expert systems, *Model studies, 
*Path of pollutants, *Mass transfer, Geohydrology, 
Mathematical models, Computer models, Contami- 
nation. 


Mass transport models have proven to be of tre- 
mendous importance in dealing with applied and 
theoretical problems in hydrogeology. These range 
from analytical models involving a single compo- 
nent to multicomponent or multiphase models 
based on numerical solutions. Whatever the 
method of solution, the purpose of these models is 
the same, namely to describe the spread of mass in 
the subsurface under the influence of physical, 
chemical and biological processes. By discussing a 
series of studies, it is easy to demonstrate the 
applicability of models to practical problems. The 
most important new trend in modeling is not in the 
development of more sophisticated models but in 
the enhancement of individual capabilities through 
computers. One of the most promising new devel- 
opments are software programs known as expert 
systems specifically designed to extend human ca- 
pabilities. Preliminary work in this area suggests 
that this application will be particularly useful for 
problems in contaminant hydrogeology. (See also 
'W89-01661) (Author’s abstract) 

W89-01662 


INTERACTION OF CLAY AND INDUSTRIAL 
WASTE: A SUMMARY REVIEW, 

McGill Univ., Montreal (Quebec). Geotechnical 
Research Centre. 

R. N. Yong. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 13-25, 8 fig, 3 tab, 35 ref. 
NSERC grant A-882. 


Descriptors: *Clays, *Soil chemistry, *Soil phys- 
ics, *Path of pollutants, *Soil contamination, *Lea- 
chates, *Industrial wastes, *Chemical wastes, 
*Liquid wastes, Diffusivity, Kinetics, Buffering ca- 
pacity, Hazardous materials. 


This review of some of the complex interactions 
established between clay soil constituents and 
liquid waste components is meant to highlight 
some of the problems and issues involved in con- 
sideration of contaminant transport in clay soils. 
The attenuating characteristics of clays, which can 
be categorized as the carrying capacity of the soil, 
describes the capability of the soil material in buf- 
—_ oy pea “among Ne — A 
volv not only on type of clays, but 
also on the nature of the contaminant. The various 
components, both in the soil and in the overall 
contaminating ge ag for a complex set 
of actions and int While no complete 
description or know! of the detailed of 
mechanisms involved in the interactive process 
with industrial waste leachates exists to date, the 
basic issues involved require a study of all 
the individual and collective interactions which 
comprise the high diversity of participating con- 
stituents present in the overall system. use the 
subject material is extensive and comprehensive, 
not all the items of concern can be covered. Con- 
sideration of some of the fundamental issues has 
shown that description of specific diffusivities for 
individual components in the leachate is needed, in 
terms of time and spatial variability, to describe the 
contaminant migration rate and extent. In addition, 
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the buffering capacity of the clay soils needs to be 

considered in relation to the specific leachate com- 
nents, and aspects of reaction kinetics evaluated, 

n order to obtain the necessary appreciation of the 

carrying capacity of the soil material. (See also 

W89-01661) (Author's abstract) 

W89-01663 


NATURAL-GRADIENT EXPERIMENT ON OR- 
GANIC SOLUTE TRANSPORT IN A SAND AQ- 
UIFER: SYNOPSIS OF RESULTS, 

Stanford Univ., CA. Dept. of Civil Engineering. 
D. M. Mackay, and P. V. Roberts. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 26-30, 3 fig, 2 tab, 10 ref. U.S. 
Assistance Agreement CR-808851. 


Descriptors: *Solute transport, *Organic com- 
pounds, *Chlorinated hydrocarbons, *Brominated 
hydrocarbons, *Groundwater pollution, *Path of 
pollutants, Inorganic tracers, Bromoform, Carbon 
tetrachloride, Contamination, Sand aquifers, Te- 
trachloroethylene, Dichlorobenzene, Hexachloro- 
ethane, Vertical distribution, Field tests, Computer 
models, Hazardous materials, Plumes. 


A large-scale field experiment was conducted on 
the natural-gradient transport of 2 inorganic trac- 
ers and 5 halogenated organic solutes in the satu- 
rated zone of a sandy aquifer. The solute plumes 
were monitored for 2-3 years using a detailed 3- 
dimensional sampling network. For each solute 
plume, quantitative estimates were made of the 
total solute mass and plume velocity over time. 
Total mass was conserved for the inorganic tracers 
and 2 of the organic solutes - carbon tetrachloride 
and tetrachloroethylene. Total mass declined for 
bromoform, 1,2-dichlorobenzene and hexachloro- 
ethane. The retardation of the organics varied in 
approximately the same order as their octanol- 
water partition coefficients, but the retardation fac- 
tors of the organics appeared to increase with time. 
Laboratory studies of the aquifer solids have 
shown that sorption approaches equilibrium slowly 
and exceeds predictions of the organic carbon par- 
titioning model; in addition, there is significant 
vertical variability of sorption capacity in the aqui- 
fer. Laboratory studies and computer simulations 
suggest that diffusion limitations of sorption result 
in the observed increases in retardation of the 
migrating organic solutes. (See also W89-01661) 
(Author's abstract) 

W89-01664 


MIGRATION OF ORGANIC FLUIDS IMMIS- 
CIBLE WITH WATER IN THE UNSATURATED 
AND SATURATED ZONES, 
Bundesanstalt fuer Gewaesserkunde, 
(Germany, F.R.). 

F. Schwille. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 31-35, 4 fig, 2 ref. 
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Based on physical models, the migration of organic 
fluids immiscible with water was investigated. 
Such tests appear to be indispensible if the flow 
behavicr of these fluids is to be properly under- 
stood. Since some of the tests were documented 
with a time-lapse camera, it was possible to demon- 
strate the migration process as a film. A migration 
scheme was introduced for fluids immiscible with 
water. The rt deals briefly with the fluid- 
mechanical principle of the migration of fluids 
immiscible with water. The evaluation of the mi- 
gration behavior (mobility) of these fluids with 
regard to physical parameters alone does not 
appear to be reasonable. These parameters should 
rather be related to the physical characteristics of 
the porous and fissured media and the fluids (water 
and oil) contained in the media. (See also W89- 
01661) (Author’s abstract) 
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Descriptors: *Groundwater pollution, *Landfills, 
*Water pollution treatment, *Organic solvents, 
*Decontamination, *Pump wells, *Path of pollut- 
ants, Groundwater velocity, Public health, Haz- 
ardous materials, Contamination, Organic com- 
pounds, Gloucester Landfill, Aquifers, Ontario, 
Canada. 


The Gloucester Project developed out of research 
by Environment Canada into the migration of 
toxic contaminants in an outwash aquifer beneath 
the Gloucester Landfill near Ottawa. A variety of 
geophysical, hydrologic and chemical methods 
were tested at the site to aid in its assessment and 
remediation. Detailed electromagnetic surveys, 
ground water velocity measurements and organic 
chemical sampling were undertaken to assess the 
migration of the organic solvents. Risk assessment 
modeling has indicated that there is an unaccept- 
able health hazard from contaminated ground 
water that is migrating off-site. Consequently, a 
purge-well evaluation test was undertaken to de- 
termine the efficacy of pumping the organic con- 
taminants from the outwash aquifer. The results of 
this test indicate that the lack of attainment of local 
chemical equilibrium during the purging oper- 
ations caused inefficiencies in decontaminating the 
aquifer. Optimization codes were used to design a 
purge-well network for the contaminated aquifer. 
(See also W89-01661) (Author’s abstract) 
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Assessment of exposure and risks from chemical 
contamination of ground water requires the predic- 
tion of the probable fate and transport of contami- 
nants over time in the various hydrogeologic zones 
of concern. For common hydrophobic organic 
contaminants, such reassessments require quantita- 
tive understanding of the sorption of the chemicals 
into the aquifer solids and the rates and products of 
possible chemical and biological transformations. 
In most cases, the field data available from the area 
under investigation will be insufficient to derive 
such estimates. With California’s Santa Clara 
Valley as an example, alternative methods for esti- 
mation of sorption and transformation are re- 
viewed and the factors that lead to uncertainty in 
the estimates are discussed. A simple method 
allows derivation of om pn estimates 
of retardation of a variety of contaminants if reli- 
able field data are available for a few. Although 
the rates and products of transformations are usual- 
ly very uncertain, a simple protocol can, in some 
cases, be used to select conservative assumptions 
for first-approximation exposure and risk assess- 
ment. (See also W89-01661) (Author’s abstract) 
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The object of this paper was to develop a hierar- 
chic screening procedure for assessing the hazard- 
ous ground water contamination potential of un- 
controlled waste d its. The screening proce- 
dure should start with inexpensive initial measures, 
and in the case of confirmed suspicions a sequence 
of more expensive investigations is to follow. An 
area with 5 uncontrolled waste deposits of known 
topographic position, situated in Pleistocene 
outwash aquifers and normally land-filled down to 
the ground water table, typical for situations in 
unconsolidated aquifers, was investigated. A suc- 
cessful investigation procedure was developed 
consisting of 3 parallel analytical suites consisting 
of the analysis of inorganic, organic and target 
constituents. The result showed that in the inor- 
ganic suite boron and sulfate (also total organic 
carbon), and in the organic AOX (adsorbable or- 
ganic halogens) and GC-fingerprints from different 
extracts, established in the downstream ground 
water of the waste sites, prove the hydrochemical 
connection between the waste and the contamina- 
tion of the ground water. Further analytical ste; 
identify the contamination more precisely. In the 
study area the contamination potential of 5 known 
sites and of 10 previously unknown sites was as- 
sessed. In other areas the developed assessment 
procedure could be employed successfully. (See 
also W89-01661) (Author’s abstract) 
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Monitoring data from 358 hazardous waste dispos- 
al sites were tabulated to assess the extent of 
ground water contamination. The tabulated infor- 
mation has identified 720 substances, including 558 
organic compounds, that have been reported in the 
ground water at one or more sites. The observed 
concentration variability of more than 100 sub- 
stances, including 31 organic priority pollutants, 
spans 5 orders of magnitude or more. Although the 
frequency of detection and concentration range of 
individual compounds were extremely variable, it 
was observed that volatile compounds have been 
reported more frequently (11.7%) than acid ex- 
tractable compounds (2.5%), pesticides (1.1%) and 
base/neutral compounds (1.0%). The compiled in- 
formation has resulted in the identification of sev- 
eral factors that should be considered when a site 
monitoring strategy is being implemented. First, it 
is suggested that the observed pattern between 
volatile organics and other — pollutants may 
be useful as an analytical screening technique to 
determine the need for more extensive organic 
characterization of ground water samples. Second, 
consideration should be given to the use of more 
extensive monitoring well networks to more ade- 
quately characterize the spatial and temporal varia- 
bility that has been observed in the composite data 
base. Third, a substantial number of substances 
have been detected at a higher frequency (40) and/ 
or a higher concentration (36) at designated up- 





graded wells. This suggests that the present hydro- 
geologic information at many sites is insufficient 
and/or that the direction of chemical migration 
may be influenced by factors other than ground 
water flow. (See also W89-01661) (Author's ab- 
stract) 
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The Baton Rouge aquifer system, the only source 
of fresh ground water for the western part of 
southeast Louisiana, has been proposed for desig- 
nation as a sole-source aquifer. Sources of potential 
contamination to the recharge zone include (1) 
solid and hazardous waste disposal sites, (2) oil and 
gas operations, (3) facilities with National Pollu- 
tion Discharge Elimination System (NPDES) per- 
mits, and (4) sites used for nuclear waste storage or 
nuclear testing. Vulnerability is defined by using 
qualitative levels of potential risk. The highest 
level of risk corresponds to virtually all of the 
Citronelle outcrop area and parts of the Pasca- 
goula-Hattiesburg and Catahoula outcrops. The 
lowest levels are generally restricted to Quaternary 
sediments in the southern part of southeast Louisi- 
ana. Best management practices for locating sur- 
face waste disposal facilities suggest the avoidance 
of areas with highly permeable soils, wetlands, 
barren lands, and areas with high water tables. 
Extreme caution should be exercised in areas char- 
acterized by mixed and moderate recharge poten- 
tials. Sites near fault zones and shallow salt domes 
should be scrutinized. Facilities requesting 
NPDES permits should be evaluated for affect on 
local ground water quality over time and distance 
before a permit is issued; curtailment or suspension 
of discharges may be required during periods of 
high base tow or during drought conditions. Sur- 
face containment pits and salt water injection wells 
associated with oil and gas activities require strin- 
= construction and maintenance regulations and 
requent inspections. (See also W89-01661) (Au- 
thor’s abstract) 
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A solution containing a known mass of dissolved 
mono-aromatic hydrocarbons (benzene, toluene 
and xylenes) and chloride was injected as a slug 
into an unconfined shallow glaciofluvial sand aqui- 
fer. Transport of the constituents has been moni- 
tored using a dense array of multilevel sampling 
piezometers, and a series of 5 three-dimensional 
‘snapshots’ of the plumes have been obtained. Ver- 
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tically averaged concentrations of the chemical 
constituents have been to define the horizon- 
tal aspects of the plumes and calculations of the 
centers of mass for each constituent have been 
performed. Results indicate that the hydrocarbons 
are all retarded relative to the chloride tracer, and 
the substantial mass losses of all hydrocarbon con- 
stituents have occurred. The losses, which are 
>90% for all but benzene, have occurred under 
aerobic conditions within the aquifer and can be 
attributed to biotransformations. The degree of 
retardation is similar to that which can be predict- 
ed using octanol-water partition coefficient formu- 
lations with benzene the least and xylenes the most 
retarded. The constituents are relatively mobile, 
however, in the low organic carbon content aqui- 
fer. Retardation factors range from only 1.1 for 
benzene to approximately 1.4 for xylenes. Vertical- 
ly, the plumes have assumed a distribution that 
reflects the heterogeneities of the aquifer material. 
The vertical scale of heterogeneity is of the order 
of 0.01 m, and hydraulic conductivity contrasts of 
up to an order of magnitude exist among layers. 
Retardation has occurred along individual layers 
with result that concentration-depth profiles at in- 
dividual locations appear erratic. These profiles 
illustrate the potential difficulties in monitoring 
contaminant migration in heterogeneous systems. 
(See also W89-01661) (Author’s abstract) 
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The purpose of this study was to ascertain if any 
hazardous pollutants had migrated underground 
from the closed waste cells and to install monitor 


wells for —— monitoring of ground water. A 


surface geophysical survey was conducted prior to 
the drilling operations. The survey was conducted 
utilizing the non-contact terrain conductivity 
method. The terrain conductivity method was used 
in an attempt to determine differences in the con- 
ductive nature of the subsurface materials as well 
as to help locate the actual waste areas so that 
drilling through the waste would be avoided. 
Based on the results of the terrain conductivity 
survey, locations for the exploratory borings and 
monitor well locations were finalized. Upon close 
examination of the data collected in these borings, 
it can be seen that borings were indeed drilled 
within contaminated zones and that borings were 
drilled in uncontaminated areas. A conclusion 
made from this investigation is that the surface 
geophysical survey minimized the number of wells 
required and also aided in locating borings to prop- 
erly monitor contaminated ground water migration 
in a most cost-effective manner. (See also W89- 
01661) (Author’s abstract) 
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A portion of an abandoned open-pit coal mine near 
Cardiff, Alberta, Canada, was used as a disposal 
site for municipal and possibly industrial wastes 
from approximately 1960-1975. Refuse was 
dumped into standing water reportedly 6-15m (20- 
50 ft) deep. In 1979 a decision was made to reclaim 
the disposal site, as well as the rest of the mine area 
for use as a recreational park. Concern that leach- 
ate-contaminated ground water might pollute 
water in an adjacent lake prompted a ground water 
investigation, which consisted of an electromagnet- 
ic survey, installation of a ground water monitor- 
ing system and ground water sampling. Water 
level data indicate that the water table is mounded 
in the refuse and that the lake is located downgra- 
dient from the reclaimed disposal area. A st 
hydraulic gradient is evident in the low il- 
ity surficial material separating the reclaimed dis- 
posal site from the lake. Shallow ground water in 
the area varies from the calcium/magnesium-sul- 
fate to the sodium-sulfate type with a total dis- 
solved solids concentration generally exceeding 
3,000 mg/L. Leach d ground water 
is characterized by a high organic load, a low 
sulfate concentration and a high chloride concen- 
tration. Information about the spatial variability of 
the chloride concentration was used to assess the 
extent of ground water contamination. A chloride 
plume, approximately 150m (500 ft) wide, extends 
vertically to the bedrock surface. Elevated chlo- 
ride concentrations in lake water and in ground 
water from downgradient wells indicate that con- 
taminated ground water has migrated at least 400m 
(1300 ft) laterally downgradient. (See also W89- 
01661) (Author’s abstract) 
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A proposed cyanide heap leach mining operation 
in central Idaho caused considerable controversy 
among residents and regulatory agencies in 1983. 
The facility is located several hundred feet up- 
stream of Elk City’s drinking water intake. Con- 
cern focused on safety of the process and the 
potential for surface and ground water contamina- 
tion. Construction and operation began in late 
1983. In March 1984 cyanide contamination was 
detected in the monitoring wells and in Big Elk 
Creek, which serves as the water supply 
for Elk City. A notice of vio of state 

tions was issued to the com by the I 
Department of Health and Welfare, Bureau of 
Water Quality. The company quickly initiated 
ground and surface water monitoring and relo- 
cated the community drinking water intake up- 
stream of the mining operation. The Bureau re- 
quested the EPA to issue an administrative order, 
which required the company to halt the release of 
hazardous substances, to remove hazardous wastes 
and to eliminate the threat of further release of 
hazardous substances into the water supply and 
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ground water. The company has extracted minimal 
precious metals and it has incurred cost of the 
order of hundreds of thousands of dollars as a 
result of cleanup operations which began in June 
1984. As a result of this incident, regulatory offi- 
cials in Idaho have obtained better understanding 
of factors relating to siting, design, construction 
and monitoring such facilities. (See also W89- 
01661) (Author's abstract) 
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The Gulf Pincher Creek gas plant in southwestern 
Alberta is the first major sour gas facility to be 
decommissioned in Alberta. The site is situated on 
30 to 45m of silty clay till overlying preglacial 
gravels and fine grained bedrock. Ground water 
quality studies indicate that only shallow ground 
waters in the area have been affected by the 28- 
year operation of the plant. Sulfates and organic 
compounds from gas processing are present in 
ground waters in central portions of the plant site 
beneath the process area and surface water drain- 
age ways. Shallow ground water movement 
through the till in these areas is estimated to be less 
than 1 meter per year. Ground waters in these 
areas do not pose an off-site concern. Sulfates are 
also present within intertill silt deposits which 
extend beneath a pond which previously collected 
runoff from the sulfur storage area. These silts 
continue off-site and the extent of sulfate migration 
within these silts was determined by using conven- 
tional field methods, as well as surface geophysics 
and sulfur isotope sampling. The geophysics was 
more useful in defining the areal extent of the silts 
rather than the sulfates. The isotopes showed a 
very distinct separation between sulfates derived 
from plant site sulfur and natural soil sulfur. The 
effects of future migration of sulfates was investi- 
gated using a three-dimensional transport model. 
The results suggest that future off-site effects of the 
sulfates on ground water and surface water use 
will be limited. (See also W89-01661) (Author’s 
abstract) 
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In October 1982 a gas well drilled by Amoco 
Petroleum (Canada) near Lodgepole, Alberta, ex- 
perienced a 67-day period of uncontrolled flow of 
reservoir fluids, iting hydrocarbon conden- 
sate Over an area of approximately 10 sq km (4 sq 
miles) adjacent to Zeta Creek near its confluence 
with the Pembina River. After the well had been 
capped, Amoco initiated a program to monitor, 
assess damages and implement remedial and recla- 
mation measures to minimize the effect of the 
blowout on the environment. A drilling program 
was undertaken to characterize the surficial geolo- 
gy and the local hydrogeological regime. A net- 
work of approximately 54 piezometers was in- 
stalled over the site and fluid levels monitored to 


detect the presence and movement of free conden- 
sate in the shallow subsurface. The field program 
revealed that large volumes of condensate had 
infiltrated into the subsurface and were mobile 
along several stratigraphic horizons. A series of 
strategically located ditches, trenches, keyed-in- 
dikes and pits were constructed as an integral _ 
of controlling surface runoff and the subsurface 
movement of condensate toward Zeta Creek and 
the Pembina River. These excavations permitted 
direct observation of subsurface condensate move- 
ment in several stratigraphic horizons and permit- 
ted collection of large volumes of condensate. The 
measures implemented proved cost-effective in 
confining and collecting free condensate on the 
lease site. The project demonstrates the importance 
of understanding the geological conditions on a 
spill site and the cost-effectiveness of relatively 
simple cleanup and containment procedures. (See 
also W89-01661) (Author's abstract) 
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ants. 


The processes affecting trace metals in deposited 
sediments are reviewed. The sediment-water 
— can be divided in three parts: the oxic layer, 
the anoxic layer and the oxic-anoxic interface. 
Available data show that trace metals like Cu, Zn 

Cd occur as sulfides in marine and estuarine 
anoxic sediments. Calculations show that organic 
complexation in unlikely and the dominant species 
are sulfide and bisulfide complexes. Chromium and 
arsenic are probably present as adsorbed species on 
the sediments; their concentrations in the pore 
waters, therefore depend on the concentrations in 
the sediments. The oxic-anoxic interface plays the 
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major role in the potential flux of trace metals from 
the sediments, however this interface is not well 
studied at present. Changes from an anoxic to an 
oxic environment as occurs during dredging and 
land disposal of contaminated sediments may cause 
a remobilization of some trace metals. (See also 
W89-01714) (Author's abstract) 

W89-01716 


BIOLOGICAL PROCESSES INVOLVED IN 
THE CYCLING OF ELEMENTS BETWEEN 
SOIL OR SEDIMENTS AND THE AQUEOUS 
ENVIRONMENT, 

Minnesota Univ., Navarre. Gray Freshwater Bio- 
logical Inst. 

J. M. Wood. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develo 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 31-42, 6 fig, 1 tab, 23 ref. 
National Institutes of Health Grant AM 18101. 


Descriptors: *Path of pollutants, *Biochemistry, 
*Sediment contamination, *Toxicity, Biological 
studies, Chemical reactions, Sodium, Potassium, 
Cycling nutrients, Calcium, Magnesium, Iron, 
Manganese, Nickel, Copper, Zinc. 


The biochemical basis for resistance to toxicity is 
complicated by the great variety of reactions at the 
molecular and cellular levels even in closely relat- 
ed organisms and tissues. Several strategies for 
resistance to intoxication have been identified. 
Metal ion interactions in biology can be divided 
into three classes representing fast, intermediate 
and slow exchange with biological ligands. Exam- 
ples of those elements in fast exchange include the 
alkali metals Na(+) and K(+), the alkali earth 
metals Ca(2+) and Mg(2+), and, H(+). Those 
which can sometimes be an intermediary exchange 
are Fe(2+), Zn(2+), Ni(2+), Cu(2+). The cy- 
cling of one essential element (nickel) and one non- 
essential element (mercury) are reviewed with spe- 
cial emphasis on their mobilities in the event of in 
situ sediment contamination. (See also W89-01714) 
(Author’s abstract) 

W89-01717 


PARTITIONING OF TRACE METALS IN SEDI- 
MENTS: RELATIONSHIPS WITH BIOAVAI- 
LABILITY, 

Quebec Univ., Sainte-Foy. 

A. Tessier, and P. G. C. Campbell. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 43-52, 1 fig, 3 tab, 49 ref. 


Descriptors: *Trace metals, *Bioavailability, *Fate 
of pollutants, *Path of pollutants, *Partitioning, 
Model studies, Sediment contamination, Metals, 
Pore water, Chemical properties, Physical proper- 
ties. 


As a result of complex physical, chemical and 
biological processes, a major fraction of the trace 
metals introduced into the aquatic environment is 
found associated with the bottom sediments, dis- 
tributed among a variety of physico-chemical 
forms. Since these different metal forms generally 
exhibit different chemical reactivities, the measure- 
ment of the total concentration of a particular 
metal provides little indication of potential interac- 
tions with the abiotic or biotic components present 
in the environment. In poe the partitioning of 
sediment-bound metals could be determined both 
Y thermodynamic calculations (provided equilib- 

um conditions prevail) and by experimental tech- 
niques. The modelling of sediment-bound metals is 
far less advanced than is that of dissolved species, 
rimarily because the thermodynamic data needed 
or handling sediment-interstitial water systems are 
not yet available. The partitioning of a metal 
among various fractions obtained by experimental 
techniques (e.g., sequential extraction procedures) 
is necessarily operationally defined. These methods 
have, however, provided significant insight into 
the physico-chemical factors influencing the bioa- 





vailability of particulate trace metals; some of these 
factors are discussed. (See also W89-01714) (Au- 
thor’s abstract) 

W89-01718 


INTERACTIONS BETWEEN SEDIMENT CON- 

TAMINANTS AND BENTHIC ORGANISMS, 

International Joint Commission-United States and 

p -aongg Windsor (Ontario). Great Lakes Regional 
Ice. 


T. B. Reynoldson. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 53-66, 2 fig, 5 tab, 90 ref. 


Descriptors: *Sediment contamination, *Benthic 
fauna, *Path of pollutants, *Toxicity, *Water pol- 
lution effects, Invertebrates, Midges, Oligochaetes, 
Fish, Shellfish, Ecological effects, Bioaccumula- 
tion. 


An overview of interactions between contaminated 
sediments and benthic invertebrates in marine and 
freshwater systems using selected examples from 
available literature, is presented. Impacts on the 
benthic community (e.g., acute toxicity, morpho- 
logical and genetic changes in the Chironomidae 
and Oligochaeta, and induction of carcinogenesis) 
and changes in community structure are discussed. 
The benthos, as a result of direct association with 
sediment, can act as accumulators and conductors 
of contaminant by physical, chemical, and biologi- 
cal processes within the sediment they inhabit. The 
significant of these processes will have to be con- 
sidered in any attempt to manage contaminated 
sediment material; whether it be the benthic popu- 
lations themselves because of their economic im- 
portance (e.g., shellfish industry), their activity in 
biomagnification or in the transfer of contaminants 
to economically important fish stocks. (See also 
'W89-01714) (Lantz-PTT) 

W89-01719 


SEDIMENT-ASSOCIATED CONTAMINANTS 
AND LIVER DISEASES IN BOTTOM-DWELL- 
ING FISH, 

National Marine Fisheries Service, Seattle, WA. 
Northwest and Alaska Fisheries Center. 

For primary bibliographic entry see Field 5C. 
W89-01720 


HUMAN POPULATION: AN ULTIMATE RE- 
CEPTOR FOR AQUATIC CONTAMINANTS, 
Michigan Dept. of Public Health, Lansing. Center 
for Environmental Health Sciences. 

H. E. B. Humphrey. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 75-80, 2 fig, 4 tab, 18 ref. 


Descriptors: *Path of pollutants, *Population expo- 
sure, *Public health, *Fish, Lake Michigan, Poly- 
chlorinated biphenyls, DDT, DDE, Biochemistry, 
Toxicity, Food chains. 


Human consumption of sport-caught fish repre- 
sents a significant route of exposure to aquatic 
chemical contaminants. To investigate this, a 
cohort of Michigan residents was established and 
evaluated in 1974 and 1981. PCB, DDT and DDE 
concentrations dominated the eleven contaminants 
found in participant blood specimens. Those who 
regularly ate Lake Michigan fish had serum PCB 
levels up to 30 times greater than those who did 
not eat these fish. Serum levels briefly increased 
following each fish meal, correlated with annual 
fish consumption and correlated with the number 
of years fish had been consumed. Some homologs 
of PCB found at elevated levels in fisheaters have 
toxic properties. It appears that the human popula- 
tion can be a final receptor for persistent toxic 
chemical contaminants found in the environment. 
(See also W89-01714) (Author's abstract) 
W89-01721 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


USE OF BIOASSAY AND ASSOCIATED TESTS 
IN DREDGED MATERIAL AND DISPOSAL 
MANAGEMENT, 

Corps of Engineers, Vicksburg, MS. 

C. R. Lee, R. K. Peddicord, B. L. Folsom, and J. 
G. Skogerboe. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develo 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 81-86, 1 fig, 4 tab, 11 ref. 


Descriptors: *Bioassay, *Dredging, *Waste dispos- 
al, *Waste management, *Path of pollutants, 
Plants, Cadmium, Zinc, Copper, Chromium, Lead, 
Simulated rainfall, Environmental effects. 


Plant bioassays and simulated rainfall-surface 
runoff tests have been developed and are being 
refined to assist in the evaluation of the environ- 
mental impact of dredged material disposal alterna- 
tives. Plant bioassay tests have been used to give 
appropriate information to describe the potential 
for contaminant mobility from dredged material 
into plants colonizing wetland and upland disposal 
environments. Index plants have shown elevated 
contents of Cd, Zn, Cu, Cr and Pb when grown on 
contaminated dredged material placed in a terres- 
trial disposal environment. Simulated rainfall-sur- 
face runoff water quality tests are being developed 
to determine the potential for contaminant mobility 
resulting from physicochemical changes in 
dredged material following upland disposal. A 
management strategy has been developed that in- 
corporates the above test results for a selection of 
environmentally acceptable dredged material dis- 
posal alternatives. (See also W89-01714) (Author’s 
abstract) 

W89-01722 


ASSESSING THE BIOACCUMULATION OF 
CONTAMINANTS FROM SEDIMENTS BY 
FISH AND OTHER AQUATIC ORGANISMS, 
Fish and Wildlife Service, Ann Arbor, MI. Great 
Lakes Fishery Lab. 

For primary bibliographic entry see Field 5A. 
W89-01724 


CASE STUDY: BAY OF POZZUOLI (GULF OF 
NAPLES, ITALY), 
ENEA, La Spezia (Italy). Centro Richerche Ener- 
ia Ambiente. 
. Damiani, R. Baudo, S. De Rosa, R. De Simone, 
and O. Ferretti. 
IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develo; 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 201-211, 7 fig, 5 tab, 9 ref. 


Descriptors: *Case studies, *Bay of Pozzuoli, *Pol- 
lutant identification, *Italy, *Path of pollutants, 
*Water pollution sources, Organic matter, Metals, 
Polychlorinated biphenyls, Aromatic compounds, 
Hydrocarbons, DDT, Copper, Iron, Mercury, 
Manganese, Lead, Zinc, Industrial wastewater, 
Farm wastes, Bioaccumulation. 


The Centro Ricerche Energia Ambiente (ENEA) 
examined the sediments of Pozzuoli Bay for con- 
tamination of metals, organic matter, PCBs, PAHs 
and DDT. The physical characteristics of surficial 
sediments reflected volcanic and industrial activity 
in the region. Elevated concentrations of Cu, Fe, 
Hg, Mn, Pb and Zn were present in the sediments 
of littoral areas near industrial centers. Carbon/ 
nitrogen ratios (> 20) of sediments indicated that 
organic matter was of an allochthonous origin. 
Industrial and agricultural activity in the area was 
reflected through elevated concentrations of PCBs, 
PAHs and DDT. Although the region has main- 
tained an important fishing industry, there was no 
evidence of change in the commercial fish catch at 
the Port of Pozzouli from 1979 to 1983 which 
could be correlated with contaminated sediments. 
(See also W89-01714) (Author’s abstract) 
W89-01732 


CONSEQUENCES OF ENVIRONMENTAL 
CONTAMINATION BY LEAD MINING IN 
WALES, 


Sources Of Pollution—Group 5B 


Bradford Univ. (England). School of Environmen- 
tal Science. 

B. E. Davies. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 213-220, 3 fig, 37 ref. 


Descriptors: *Environmental effects, *Lead, *Mine 
wastes, *Path of pollutants, *Bioaccumulation, 
Water pollution effects, Copper, Zinc, Sediment 
contamination, Soil contamination, Rivers, Wales. 


Lead mining in Wales originated before the Roman 
Occupation. The main active period was from 
1750-1900 when zinc and copper were also mined 
and during this period only simple and inefficient 
ore processing methods were available. Conse- 
quently large amounts of copper, lead and zinc 
compounds were lost to the environment and have 
since become incorporated in sediments and soils. 
Locally, pollution may still occur from drainage 
from abandoned mines and by mobilization of mine 
tailings. The present state of Welsh rivers ane the 
distribution of contaminants in sediments and soils 
are reviewed. The uptake of heavy metals by 
plants and the consequences for human health are 
also discussed. (See also W89-01714) (Author’s ab- 
stract) 
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SEDIMENT-ASSOCIATED CONTAMINANTS: 
AN OVERVIEW OF SCIENTIFIC BASES FOR 
DEVELOPING REMEDIAL OPTIONS, 
Technische Univ. Hamburg-Harburg (Germany, 
F.R.). 

U. Forstner. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 221-246, 7 fig, 3 tab, 248 ref. 


Descriptors: *Sediment contamination, *Literature 
review, *Path of pollutants, *Water pollution ef- 
fects, Water pollution sources, Bioaccumulation, 
Environmental effects, Biological studies, Chemi- 
cal studies, Organic compounds. 


This review article covers three major aspects of 
scientific research on sediment-associated contami- 
nants during the last 20 years: (1) identification and 
monitoring of sources and distribution (sampling; 
Sample preparation; analyses, mainly of non-resid- 
ual fractions; estimation of pollution potential); (2) 
study of processes and mechanisms of pollutant 
transfer (interactions between dissolved and partic- 
ulate element species; particle environments; trans- 
port and diagenesis; colloids; surface microlayers; 
particle related processes; bioturbation; dredging 
operations; remobilization of toxic elements; bioac- 
cumulation of organic chemicals; solid/dissolved 
distribution of contaminants); and (3) assessment of 
the environmental impact of particle-bound pollu- 
tions (chemical extraction sequence; sediment bio- 
assay; combined chemical/biological test proce- 
dure). Instead, empirical tests developed from 
multi-disciplinary research on biological, chemical 
and physical factors are applied for assessing the 
reactivity, mobility and bioavailability of sediment- 
bound pollutions and for estimating the validity of 
remedial measures. (See also W89-01714) (Author's 
abstract) 
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UNDERGROUND STORAGE SYSTEMS: LEAK 
DETECTION AND MONITORING, 
Groundwater Technology, Inc., Annapolis Junc- 
tion, MD. 

For primary bibliographic entry see Field 5A. 
W89-01765 


COMPARISON OF FIELD AND LABORATO- 
RY BIOACCUMULATION OF ORGANIC AND 
INORGANIC CONTAMINANTS FROM BLACK 
ROCK HARBOR DREDGED MATERIAL, 
Environmental Research Lab., Narragansett, RI. 
For primary bibliographic entry see Field SC. 
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W89-01773 


PERSISTENCE OF BIOLOGICALLY ACTIVE 
COMPOUNDS IN SOIL, 

Wyoming Univ., Laramie. Dept. of Plant Science. 
S. E. Williams. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-010250. 
Price codes: A06 in paper copy, AO1 in microfiche. 
DOE Report No. DOE/ER/60072--T1, February 


1987. 106p, 32 fig, 5 tab, 23 ref. DOE Contract 
ER60072. 


Descriptors: *Fate of pollutants, *Soil contamina- 
tion, *Water pollution effects, *Oil shale wastes, 
*Industrial wastewater, Fuel, Organic compounds, 
Inorganic compounds, Oil shale, Biological studies, 
Plant growth, Mycorrhizae, Waste disposal, Land 
treatment, Leachates, Nitrogen bacteria. 


Process water produced during fossil fuel extrac- 
tion generally contain high concentrations of dis- 
solved organic and inorganic constituents. Past 
research efforts have been directed toward evalua- 
tion of microbial interactions with an aqueous ef- 
fluent obtained from the Laramie Energy Technol- 
ogy Center’s (LETC) site 9 in situ oil shale proc- 
essing experiment located near Rock Spring, Wyo- 
ming. Microorganisms have been shown to survive 
and grow in this water (Omega-9 water). These 
organisms have an impact on stability of stored 
Omega-9 water samples and may be highly impor- 
tant in water treatment prior to disposal. However, 
despite the importance of process water treatment, 
a more immediate concern is the influence of un- 
treated or partially treated waters on the soil and 
on the biotic communities in direct contact with 
soil: microorganisms and plants. A fundamental 
question concerning process water is the influence 
they might have on agricultural systems when 
these waters come in contact with soils. Contact of 
these waters with soil will certainly modify physi- 
cal, chemical, as well as biological properties of 
soils. One of the most fundamental biological prop- 
erties which influence plant growth are symbiotic 
microbial systems in the soil. These systems are of 
basically two categories: (1) Nitrogen fixing symbi- 
oses between prokaryotic organisms and the plant, 
and (2) vesicular arbuscular (VA) mycorrhizal as- 
sociations between certain fungi and the plant. 
Nitrogen fixation and VA mycorrhizal associations 
have been shown to be negatively influenced by 
spent oil shale. VA mycorrhizal associations have 
considerable beneficial influence on growth of 
plants which they infect. These primarily act to 
increase plant uptake of phosphates and water, as 
well as other essential nutrients, and tend to be 
absent in severely disturbed soils. It is well estab- 
lished that VA mycorrhizal associations are nor- 
mally associated with native plant communities in 
arid regions. The objectives of this research are: 
(1) treat representative soils with an oil shale leach- 
ate water, (2) determine the influence of the leach- 
ate on the soil’s ability to support plant growth, 
and (3) ascertain its influence on symbiotic N2- 
fixing bacteria and mycorrhizal fungi. (Lantz-PTT) 
W89-01778 


ENVIRONMENTAL 
MOUND: 1986 REPORT, 
Monsanto Research Corp., 
Mound. 

D. G. Carfagno, and B. M. Farmer. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-010563. 
Price codes: A03 in paper copy, AO! in microfiche. 
Monsanto Report No. MLM-3427, May 11, 1987. 
46 p, 5 fig, 30 tab, 17 ref, append. DOE Contract 
DE-AC04-76-DP00053. 


MONITORING AT 


Miamisburg, OH. 


Descriptors: *Monitoring, *Mound, ‘*Florida, 
*Great Miami River, *Tritium, *Nuclear wastes, 
Plutonium, Industrial wastes, Tritium oxide, Stand- 
ards, Air pollution, Water pollution, Drinking 
water, Food chain. 


Mound is a government-owned facility operated 
by Monsanto Research Corporation for the U.S. 
Department of Energy (DOE). In 1949, Mound 
began operations for the production of nuclear 
weapon components. The local environment 


around Mound was monitored primarily for tritium 
(3-H) and plutonium-238 (238-Pu). The results are 
reported for 1986. The average concentrations of 
238-Pu and 3-H were within the DOE interim air 
and water Derived Concentration Guides (DCG) 
for these radionuclides. The average incremental 
concentrations of 238-Pu and 3-H-oxide in air 
measured at all offsite locations during 1986 were 
7.5 times 10 to the -18th microCuries/mL and 10.4 
times 10 to the -12th microCuries/mL, respective- 
ly. These correspond to 0.03% and 0.01% of the 
DOC Derived Concentration Guides (DCG) for 
uncontrolled areas. The average incremental con- 
centration of 238-Pu measured at all locations in 
the Great Miami River during 1986 was 2.1 times 
10 to the -12th microCuries/mL which is 0.0005% 
of the DOE DCG. The average incremental con- 
centration of 3-H measured at all locations in the 
Great Miami River during 1986 was 0.0000009 
microCuries/mL which is 0.005% of the DOE 
DCG. The average concentrations in local private 
and municipal drinking water systems were < 
25% and 1.5%, respectively, of the U.S. EPA 
standards. The concentrations found in foodstuffs 
were extremely low. The dose equivalent estimates 
for the average air, water, and foodstuff concentra- 
tions indicate that the levels are within 1% of the 
DOE standard of 100 mrem. (Lantz-PTT) 
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INTERCALIBRATION OF ANALYTICAL 
METHODS ON MARINE ENVIRONMENTAL 
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MENTS ON MUSSEL HOMOGENATE (MA-M- 
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International Lab. of Marine 
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For primary bibliographic entry see Field 5A. 
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COMMUNITY TOXICITY TESTING. 
For primary bibliographic entry see Field 5C. 
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MODELING GROUNDWATER FLOW AND 
POLLUTION: WITH COMPUTER PROGRAMS 
FOR SAMPLE CASES, 

Technion - Israel Inst. of Tech., Haifa. Faculty of 
Civil Engineering. 

For primary bibliographic entry see Field 2F. 
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INTERCALIBRATION OF ANALYTICAL 
ETHODS ON MARINE ENVIRONMENTAL 
SAMPLES: RESULTS OF MEDPOL II EXER- 
CISE FOR THE INTERCOMPARISON: OF 
TRACE ELEMENT MEASUREMENTS ON 
MUSSEL TISSUE HOMOGENATE AND 
MARINE SEDIMENT (MA-M-2/TM AND SD-N- 
1/2/TM). 

International Lab. of Marine 
Monaco-Ville (Monaco). 

For primary bibliographic entry see Field 5A. 
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PROCEEDINGS OF THE FOREST-ATMOS- 
PHERE INTERACTION WORKSHOP. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-009894. 
Price codes: A10 in paper copy, AO1 in microfiche. 
Lake Placid, New York, October 1-4, 1985. DOE 
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liam E. Reifsnyder, and David H. Slade. 


Descriptors: *Forest hydrology, *Canopy, *Con- 
ferences, *Acid rain, Throughfall, Biomass, Infor- 
mation exchange, Plant pathology, Workshops, 
Forests, Research priorities. 


Many of the potential causes of forest decline are 
considered in this workshop procedings. In addi- 
tion, attention is devoted to methods of detecting 
changes in forest growth such as remote sensing 
techniques and biochemical indications. The work- 
shop was divided into three main sections: (1) 


Forest Science and Management; (2) Atmosphere 
Canopy Exchange; and (3) Biomass Decline. The 
workshop, aimed to (1) discuss problem areas and 
identify new issues concerning forest-atmosphere 
interactions; (2) provide information exchange; and 
(3) provide recommendations for research. (See 
W89-01816 thru W89-01818) (Lantz-PTT) 
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CHEMICAL INTERACTION OF A FOREST 
CANOPY WITH THE ATMOSPHERE, 
Wyoming Univ., Laramie. Dept. of Botany. 

W. A. Reiners, G. M. Lovett, and R. K. Olson. 

IN: Proceedings of the Forest-Atmosphere Inter- 
action Workshop. Lake Placid, New York, Octo- 
ber 1-4, 1985. DOE Report No. CONF-8510250, 
May 1987. p 111-146, NSF Grant BSR-8316228. 7 
fig, 1 tab, 22 ref. 


Descriptors: *Path of pollutants, *Forest hydrolo- 
gy, *Canopy, *Acid rain, Air pollution, Sulfates, 
Heavy metals, Sulfates, Nitrites,; Ammonia, Model 
studies, Water chemistry, Solute transport, 
Throughfall, Stemflow. 


A series of investigations are reviewed that in- 
creased chemical interactions between the atmos- 
phere and canopies of subalpine balsam fir forests. 
These forests are found just below treeline in the 
Adirondack, Green, and White Mountains of 
northeastern U.S. Besides being subject to consid- 
erable loading of heavy metals, NH4(+), NO3(-), 
SO4(2-) and H(+) ions through cloud droplet dep- 
osition as well as incident precipitation, this forest 
type is a good model for research because of its 
simplicity and small stature. Throughfall (TF) and 
stemflow (SF) solutions are characteristically 
highly enriched in Ca(+), Mg(+), K(+) and 
SO4(2-); slightly enriched in H(+), Na(+) and 
sometimes NO3(-), and depleted in NH4(+) (and 
sometimes NO3(-)). A detailed experimental analy- 
sis of efflux and influx of ions out of and into 
various canopy components over time revealed 
quite different behaviors that were specific to com- 
ponents, length of storm, and sometimes rain rates. 
These results plus show interval analyses of natural 
storm TF-SF led to generalizations on ion flux in 
storm events for this canopy, and canopies in gen- 
eral. Specific rates depend on the species compos- 
ing the forest and the condition of canopy compo- 
nents during the storm. For all canopies, however, 
the principal variables controlling TF-SF flux rates 
are: (1) precipitation ion flux rate; (2) canopy water 
storage pool turnover rate; (3) the concentration 
gradient between the storage pool and tissue apo- 
plasm; and (4) the effect of the storage pool turn- 
over rate on depletion of ions that efflux, and on 
in-tissue saturation of ions that influx. (See also 
W89-01815) (Lantz-PTT) 
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GAS EXCHANGE BETWEEN 
ATMOSPHERE, 

Du Pont de Nemours (E.I.) and Co., Aiken, SC. 
Savannah River Lab. 
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IN: Proceedings of the Forest-Atmosphere Inter- 
action Workshop. Lake Placid, New York, Octo- 
ber 1-4, 1985. DOE Report No. CONF-8510250, 
May 1987. p 147-181, 6 fig, 48 ref. DOE Contract 
DE-AC09-76SR00001. 


FOREST AND 


Descriptors: *Forest hydrology, *Gas exchange, 
*Throughfall, *Forests, Path of pollutants, Remote 
sensing, Air pollution, Prediction model studies, 
Plant physiology. 


The subject of gas exchange between the atmos- 
phere and forests has been of interest to plant 
scientists for many years because of the crucial role 
exchange of water and carbon dioxide plays in the 
survival, growth and competition between plants. 
More recently, attention has been directed to gas 
exchange because of interest in uptake of pollutants 
by forest vegetation. Forest gas exchange is dis- 
cussed in terms of the processes which control the 
rate of exchange with the atmosphere. Examples 
show how vegetative uptake is controlled in gases 
with different characteristics. The prediction of 
uptake for large areas and over long periods of 





time is discussed in terms of quantitative models of 
the gas exchange processes. Remote sensing is 
suggested as a means of obtaining the parameters 
needed to make model predictions. (See also W89- 
01815) (Author’s abstract) 
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FOREST SOILS AND ACID DEPOSITION: AN 
OVERVIEW AND SYNTHESIS, 

Duke Univ., Durham, NC. School of Forestry and 
Environmental Studies. 

D. Binkley. 

IN: Proceedings of the Forest-Atmosphere Inter- 
action Workshop. Lake Placid, New York, Octo- 
ber 1-4, 1985. DOE Report No. CONF-8510250, 
May 1987. p 222-236, 6 fig, 1 tab, 20 ref. NSF 
Grant BSR-8406987. 


Descriptors: *Acid rain, *Forests, *Soil contamina- 
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tion, Weathering, Ecosystems, Hydrogen ion con- 
centration, Epidemiology, Policy making, Leach- 
ing, Nitrates. 


Soil acidification can be driven by both deposition 
of chemicals from the atmosphere and internal- 
ecosystem processes. The potential effects of acid 
deposition can be evaluated in an ecosystem con- 
text through the use of H(+) budgets. Soil acidity 
comprises H(+) free in soil solution, exchangeable 
pools of H(+) and Al3(+), and titratable pools of 
H(+) that can be removed only by strong bases. 
Major processes that add H(+) to ecosystems in- 
clude: dissociation of carbonic acid (formed by 
carbon dioxide dissolving in water), production 
and dissociation of organic acids, uptake of nutri- 
ent cations by plants and microbes, production of 
nitric acid from oxidation of ammonia coupled 
with nitrate leaching from the soil, and atmospher- 
ic deposition. Major H(+) consuming processes 
include: adsorption on cation exchange sites, pro- 
tonation of organic acids, release of nutrient ca- 
tions from organic matter through decomposition 
or fire, specific adsorption of anions, and weather- 
ing of soil minerals. Soils that are most sensitive to 
acidification are often characterized as young, shal- 
low, coarse-textured, and lacking in carbonates and 
other readily weatherable minerals. Aquatic eco- 
systems can be acidified, or subjected to elevated 
inputs of aluminum, even if atmospheric deposition 
has not acidified surrounding terrestrial ecosys- 
tems. Much research is needed to improve our 
understanding of H(+) budgets and ecosystem 
acidification, but obtained only in severely dam- 
aged ecosystems. Policy makers need to view the 
risks from a epidemiological viewpoint rather hope 
for conclusive scientific experimentation. (See also 
W89-01815) (Author’s abstract) 

W89-01818 


HANDBOOK OF NONPOINT POLLUTION: 
SOURCES AND MANAGEMENT, 

Marquette Univ., Milwaukee, WI. Dept. of Civil 
Engineering. 

V. Novotny, and G. Chesters. 

Van Nostrand Reinhold Environmental Engineer- 
ing Series. Van Nostrand Reinhold Co., New 
York. 1981. 555p. 


Descriptors: *Water pollution sources, *Land use, 
*Acid rain, *Nonpoint pollution sources, Water 
pollution effects, Erosion, Air pollution, Ground- 
water pollution control, Urban runoff, Water con- 
servation, Model studies, Water pollution control. 


Until recently, almost all pollution control efforts 
focused on reduction of pollution from point 
sources such as municipal sewage and industrial 
wastewater. Extensive research has revealed, how- 
ever, that major problems are caused by nonpoint 
pollutants - those originating from aerial diffuse 
sources that are mostly related to man’s use of 
land. Sources and magnitudes of nonpoint pollu- 
tion, major causative factors, and disturbing activi- 
ties on land that lead to elevated pollution loadings 
from diffuse sources are described. Related topics 
discussed in detail include erosion, hydrologic fac- 
tors, atmospheric deposition and acid rain, soil 
degradation and absorption of pollutants, ground- 
water pollution, urban nonpoint pollution and its 
mitigation, nonurban pollution and soil conserva- 
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tion practices, modeling techniques, management 
practices for control of nonpoint pollution, and 
long-range planning for nonpoint pollution control. 
(Lantz-PTT) 

W89-01822 


VADOSE ZONE MODELING OF ORGANIC 
POLLUTANTS. 

Lewis Publishers, Inc., Chelsea, Michigan. 1986. 
295p. Edited by Stephen C. Hern and Susan M. 
Melancon. 


Descriptors: *Path of pollutants, *Model studies, 
*Organic compounds, *Vadose water, *Soil con- 
tamination, *Soil water, Solute transport, Ground- 
water movement, Chemical reactions, Geochemis- 
try. 


A variety of stochastic and deterministic soil leach- 
ing models have been developed in the past 
decade, particularly to measure the transport and 
transformation of organic pollutants moving 
through the vadose zone. The Frist four chapters 
of the book provide background information to the 
general model user. Chapter 1 includes an over- 
view of the basic soil processes represented in 
vadose zone model, including process definitions 
and common model assumptions. In particular, 
SESOIL, PRZM, and PESTAN transformation 
processes presumed operative in the vadose zone 
are examined more closely. Chapter 3 introduces a 
stepwise generic approach for the implementation 
of a data acquisition strategy which can be used in 
field model testing. This chapter provides guide- 
lines on criteria to be used in model selection and 
establishment of validation acceptance criteria, as 
well as site and compound selection, and imple- 
mentation of a field sampling program. Chapters 4 
and 5 then present two scenarios describing actual 
field validation attempts using the three models 
that have been more closely scrutinized. The 
second section presents papers on chemical proc- 
esses, parameter estimation, and variability in the 
vadose zone, thorough discussions of: chemical 
movement through soil, volatilization from soil, 
adsorption of organic chemicals onto soil, biotrans- 
formation, nonbiological transformation, and spa- 
tial variability of soil properties. (See W89-01860 
thru W89-01870) (Lantz-PTT) 

W89-01859 


OVERVIEW OF TERRESTRIAL PROCESSES 
AND MODELING, 

Aqua Terra Consultants, Palo Alto, CA. 

A. S. Donigian, and P. S. C. Rao. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
3-35, 2 fig, 4 tab, 73 ref. 


Descriptors: *Path of pollutants, *Model studies, 
*Fate of pollutants, *Soil water, Mathematical 
models, Groundwater movement, Vadose water, 
Pesticides. 


The terrestrial environment which extends from 
the top of the growing vegetation to the capillary 
fringe of groundwater is the primary home for 
most living things on earth. Chemicals are deliber- 
ately introduced into this environment to grow and 
expand the food supply, to protect people and 
crops from pests and disease, and to dispose of 
wastes; unintended entry also occurs through 
transport accidents, inaccurate or inappropriate ap- 
plication procedures, and leaking storage facilities. 
This chapter presents an overview of the processes 
influencing the fate and migration of chemicals in 
the terrestrial environment. This overview pro- 
vides the framework for discussing the underlying 
concepts of mathematical models that have been 
developed both as research tools (to help better 
understand the terrestrial system) and as regulatory 
or management tools (to help assess and control 
the exposure and risks resulting from chemical use 
and waste disposal). Model classifications are dis- 
cussed, selected models are described (PESTAN, 
SESOIL, PRZM, CREAMS2 and HELP) model 
selection criteria and guidelines are presented, and 
model limitations are explored in terms of their 
ability to represent chemical fate and movement in 
the soil environment. (See also W89-01859) (Lantz- 
PTT) 
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W89-01860 


TRANSPORT MECHANISMS AND _ LOSS 
PATHWAYS FOR CHEMICALS IN SOIL, 
California Univ., Riverside. 

W. A. Jury, and R. L. Valentine. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
37-60, 5 tab, 67 ref. 


Descriptors: *Solute transport, *Soil water, *Path 
of pollutants, *Fate of pollutants, *Soil water, 
*Degradation, Mass flow, Liquid diffusion, Vapor 
diffusion, Hydrodynamic dispersion, Leaching, 
Volatilization, Biodegradation, Diffusion, Disper- 
sion. 


Chemicals are transported through soil principally 
by three mechanisms: mass flow of dissolved 
chemical within moving solution, liquid diffusion 
within soil solution, and gaseous diffusion within 
soil air voids. The first mechanism, mass flow, 
refers to the passive transport of dissolved solute 
within moving soil water which is approximated as 
the product of the volume flux of water times the 
dissolved solute concentration. Liquid diffusion 
refers to the transport of the dissolved solutes 
within solution by intermolecular collision which 
move the solute from regions of the higher solute 
density to lower solute density. Similarly, chemical 
vapor molecules in the soil air spaces also undergo 
molecular collisions and spread out by vapor diffu- 
sion which is expressed as the product of the vapor 
density or concentration gradient and a propor- 
tionality coefficient called the soil vapor diffusion 
coefficient. The apparent solute diffusion arising 
from the mass flux effects which are obscured by 
mathematical volume averaging is called hydrody- 
namic dispersion. Chemicals added to a soil profile 
from the surface may leave the zone of incorpora- 
tion by one of three loss pathways. The first path- 
way, known as leaching, takes place principally by 
mass flow and refers to the downward movement 
of dissolved chemical. The second loss pathway, 
volatilization, refers to the loss of chemical vapor 
to the atmosphere through the soil surface. The 
final loss pathway, degradation, refers to the bio- 
logical or chemical transformation of the chemical 
to a different form with properties distinct from 
those of the chemical prior to transformation. Each 
of these loss pathways is discussed in greater detail 
in this chapter. (See also W89-01859) (Lantz-PTT) 
W89-01861 


GENERIC STEPS IN THE FIELD VALIDA- 
TION OF VADOSE ZONE FATE AND TRANS- 
PORT MODELS, 

Environmental Protection Agency, Las Vegas, 
NV. 


For primary bibliographic entry see Field 7C. 
W89-01862 


EXAMPLE FIELD TESTING OF SOIL FATE 
AND TRANSPORT MODEL, PRZM, DOUGH- 
ERTY PLAIN, GEORGIA, 

Environmental Protection Agency, Las Vegas, 
NV 


K. F. Hedden. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
81-101, 3 fig, 8 tab, 25 ref. 


Descriptors: *Fate of pollutants, *Path of pollut- 
ants, *Data interpretation, *Soil water, *Model 
studies, Field tests, PRZM, Dougherty Plain, 
Georgia, Solute transport, Vadose water. 


A major problem for any validation or testing 
effort is obtaining a data set that has determined 
the needed parameters and has sampled the appro- 
priate variables for an adequate period of time. The 
first example described in this chapter is an effort 
that was designed with the express purpose of 
testing a particular vadose zone model, PRZM. 
The steps followed are: (1) Identify Model User’s 
Need; (2) Examine the Model; (3) Evaluate the 
feasibility of field validation; (4) Develop accept- 
ance criteria for validations; (5) Determine field 
validation scenario; and (6) Plan and conduct field 
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validations. This effort is not yet complete, so only 
the initial stages are described, but should serve to 
give the reader an idea of what is involved in 
testing a model. (See also W89-01859) (Lantz- 
PTT 


) 
W89-01863 


EXAMPLE MODEL TESTING STUDIES, 
Aqua Terra Consultants, Palo Alto, CA. 

For primary bibliographic entry see Field 7C. 
W89-01864 


CHEMICAL MOVEMENT THROUGH SOIL, 
California Univ., Riverside. 

W. A. Jury. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
135-158, 3 tab, 55 ref. 


Descriptors: *Path of pollutants, *Soil water, 
*Vadose water, *Solute transport, Porosity, Per- 
meability, Clay, Organic matter, Water retention, 
Temperature, Precipitation, Evapotranspiration, 
Irrigation practices, Crops. 


At this time there have been identified a significant 
number of soil (water content, bulk density or 
porosity, permeability (saturated), clay content, 
surface area, organic matter content, depth to 
groundwater, and water retention (field capacity)), 
environmental (temperature, precipitation and eva- 
potranspiration), and management (chemical con- 
centration, irrigation management, crop character- 
istics) parameters which influence chemical trans- 
port through soil, and a large body of information 
has been assembled for finding the relationship 
between these parameters and the chemical trans- 
port. From years of study under controlled condi- 
tions, a substantial theoretical framework has been 
developed for describing water and chemical trans- 
port. This theory uses differential equations devel- 
oped from a macroscopic mass balance and uses 
flux equations obtained as an extension to equations 
which are valid in one phase systems. Chemical 
transport generally involved liquid, vapor, and ad- 
sorbed phases so that a relationship between the 
phases is also used in addition to the transport 
equation. Although rate limitations can be expect- 
ed to alter this equilibrium relation under general 
conditions, models frequently simplify this using 
linear equilibrium partition coefficients. For such 
systems, the three-phase transport may be replaced 
by an equivalent representation in terms of total 
concentration using equivalent three-phase trans- 
port velocities and dispersion coefficients. (See also 
W89-01859) (Lantz-PTT) 

W89-01865 


VOLATILIZATION FROM SOIL, 

California Univ., Riverside. 

W.A. Jury. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
159-176, 2 fig, 2 tab, 28 ref. 


Descriptors: *Fate of pollutants, *Soil contamina- 
tion, *Volatilization, *Evaporation, Porosity, Infil- 
tration, Clay, Temperature, Wind, Evaporation, 
Irrigation, Precipitation, Diffusion. 


Volatilization is defined as the loss of chemicals in 
vapor form from soil surfaces to the atmosphere. 
This process is ultimately limited by the chemical 
vapor concentration which is maintained at the soil 
surface and by the rate at which this vapor is 
carried away from the soil surface to the atmos- 
phere. The potential volatility of a chemical is 
related to its inherent saturated vapor pressure, but 
the actual volatilization rate from soil in any specif- 
ic circumstance will depend on all soil, atmospher- 
ic, Of management factors which influence the 
behavior of the chemical at the soil-air-water inter- 
face. Rate process interactions at the soil surface 
(soil chemical vapor density and vapor movement 
from soil to atmosphere), chemical movement from 
soil to the soil surface (gaseous diffusion; hydrody- 
namic dispersion; and soil, environmental, and 
management factors influencing chemical volatili- 
zation from soil), soil parameters (soil water con- 
tent, bulk density or porosity, clay content, and 


adsorption site density), environmental parameters 
(temperature, wind, evaporation, and precipita- 
tion), and management parameters (chemical con- 
centration, depth of concentration, depth of incor- 
poration, irrigation management, and soil manage- 
ment), are the major points of volatilization dis- 
cussed in this chapter. (See also W89-01859) 
(Lantz-PTT) 

W89-01866 


ADSORPTION 
ONTO SOIL, 
California Univ., Riverside. 

W. A. Jury. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
177-189, 2 tab, 39 ref. 
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Descriptors: *Adsorption, *Organic compounds, 
*Soil contamination, *Path of pollutants, Chemical 
reactions, Molecular structure, Adsorption, De- 
sorption, Model studies, Soil properties. 


Adsorption refers to the bonding of a solute to 
adsorption sites on the soil solids, either soil miner- 
al surfaces or organic matter surfaces. The effect of 
this bonding is to temporarily immobilize the mole- 
cule from transport in either the solution or vapor 
phase. In most quantitative descriptions of soil 
chemical transport processes in soil, the adsorbed 
molecules are represented as a separate phase, i.e., 
distinct from vapor or solution phases. Bonding 
mechanisms, practical limitations to applying ad- 
sorption models to field studies (adsorption-desorp- 
tion hysteresis, influence of soil structure, influence 
of spatial variability, nonequilibrium adsorption, 
and linear adsorption models), and field measure- 
ment of adsorption parameters, are the focus of 
discussion in this chapter. (See also W89-01859) 
(Lantz-PTT) 

W89-01867 


BIOTRANSFORMATION, 

Iowa Univ., Iowa City. 

R. L. Valentine, and J. L. Schnoor. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
191-222, 3 tab, 93 ref. 


Descriptors: *Biotransformation, *Biodegradation, 
*Path of pollutants, *Soil chemistry, *Fate of pol- 
lutants, *Soil bacteria, Kinetics, Hydrogen 10n con- 
centration, Temperature, Clay, Nutrients. 


The term biotransformation is a general term de- 
scribing any alteration of a compound affected by 
living organisms. Biodegradation is a more specific 
term usually referring to a biologically mediated 
transformation of a chemical into more simple 
products by the removal of one or more substitu- 
ent groups. Neither of these terms expresses the 
extent of change in the identity of a compound, the 
mechanisms involved in that change, the rate at 
which this change occurs, or the species responsi- 
ble for this change. Information on biological reac- 
tions, kinetics of biotransformation, factors influ- 
encing biotransformation, availability of the chemi- 
cal, major factors affecting biodegradation (pH, 
temperature, water content, carbon content, clay 
content, oxygen, nutrients, microbial population 
acclimation, and concentration), estimation of rate 
parameters and limitations to applying degradation 
rate expressions, further this discussion on biotrans- 
formation. (See also W89-01859) (Lantz-PTT) 
W89-01868 


NONBIOLOGICAL TRANSFORMATION, 

Iowa Univ., lowa City. 

R. L. Valentine. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
223-243, 2 tab, 58 ref. 


Descriptors: *Soil Chemistry, *Fate of pollutants, 
*Soil water, Path of pollutants, Vadose water, 
Photochemistry, Hydrolysis, Oxidation-reduction 
reactions. 


While all processes leading to structural changes in 
chemicals can be considered as occurring as the 


result of chemical reactions, these processes can be 
categorized as being either biological, chemical, or 
photochemical transformations. Chemical transfor- 
mations of importance in the soil environment in- 
clude hydrolysis and oxidation-reduction reactions 
(Redox reactions). Photochemical transformations 
can occur only in the presence of light and hence 
are expected to be important only at or very near 
the soil surface. (See also W89-01859) (Lantz-PTT) 
W89-01869 


AQUATIC TOXICOLOGY AND ENVIRON- 
MENTAL FATE: NINTH VOLUME. 

American Society for Testing and Materials, Phila- 
delphia, PA. 

A Symposium Sponsored by the American Society 
for Testing and Materials Committee E-47 on Bio- 
logical Effects and Environmental Fate, Philadel- 
phia, Pennsylvania, April 14-16, 1985. ASTM Spe- 
cial Technical Publication 921, 1986. 530p. Edited 
by Ted M. Poston and Rich Purdy. 


Descriptors: *Toxicology, *Fate of pollutants, 
*Toxicity, *Environmental effects, *Aquatic toxi- 
cology, Bioaccumulation, Biotransformation, Or- 
ganic compounds, Bioassay, Biological studies, 
Trout, Light intensity, Temperature, Nutrients, 
Monitoring, Symposium. 


A major emphasis of this Ninth Symposium on 
Aquatic Toxicology and Environmental Fate was 
bioaccumulation and biotransformation of xenobio- 
tics. The ability of aquatic organisms to metabolize 
toxic chemicals may help establish acceptable 
levels of exposure for aquatic organisms. Metabo- 
lism of several organic compounds were investigat- 
ed in trout, blue crabs, and bivalve mollusks. In 
some cases, metabolized compounds may become 
mutagenic or carcinogenic. Two studies report on 
the use of the rainbow trout embryo for: (1) metab- 
olism studies, and (2) studies on toxicity, teratogen- 
icity, and carcinogenicity. The data generated 
from these types of studies not only help under- 
stand potential environmental impacts, but also 
indicate potential hazards to humans. The use of 
lower organisms and other alternative test systems 
for assessing the hazards of chemicals to humans 
was reviewed. The effects of light intensity, photo- 
period, temperature, and nutrition on reproduction 
and survival of Daphnia magna was evaluated with 
respect to toxicity testing. Quality assurance has 
emerged as a necessary component of toxicity test- 
ing. The quality assurance programs for the hydra 
reaggregation test and the hydrogen oxidation soil 
bioassay are covered in this volume. Additional 
sections of this volume deal with biomonitoring, 
new test methods, and the relationship between 
sediment and toxicity and bioavailability of chemi- 
cals. As an evolving science, new and innovative 
methods are constantly being developed to evalu- 
ate the toxicity of new chemicals. Specific con- 
cerns, such as the influence of environmental fac- 
tors on toxicity, require the development of spe- 
cialized test procedures. Binding of toxicants to 
sediments is the predominant environmental vector 
for removal of most toxicants from the water 
column. This process results in accumulations of 
toxic compounds in sediments, a condition that has 
caused considerable research activity in the envi- 
ronmental arena. The approaches to deal with this 
problem involve modeling efforts to predict toxici- 
ty based on thermodynamic equilibria of metals to 
laboratory and field studies focusing on the toxici- 
ty of organic compounds to sorbed to organically 
enriched sediments. (See W89-01893 thru W89- 
01929) (Lantz-PTT) 

W89-01892 


DESIGN CRITERIA FOR A PREDICTIVE ECO- 
LOGICAL EFFECTS MODELING SYSTEM, 
Environmental Research Lab., Athens, GA. 

For primary bibliographic entry see Field 5C. 
W89-01896 


FACTORS AFFECTING THE ACCEPTANCE 
AND REJECTION OF GENETICALLY AL- 
TERED MICROORGANISMS BY _ ESTAB- 
LISHED NATURAL AQUATIC COMMUNI- 
TIES, 








Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Biology. 

J. Cairns, and J. R. Pratt. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 207-221, 3 fig, 1 tab, 36 ref. 


Descriptors: *Genetic pollution, *Genetics, *Eco- 
systems, *Aquatic environment, *Fate of pollut- 
ants, Environmental engineering, Aquatic toxicol- 
ogy, Ecological effects, Population exposure. 


Unlike toxic chemicals, genetically altered orga- 
nisms have the potential to move between ecosys- 
tems and increase in number. Many organisms used 
in genetic engineering research are derived from 
common free-living and pathogenic forms. Estab- 
lishment of genetically altered species in ecosys- 
tems depends on rates of introduction, probability 
of finding acceptable or optimal conditions, rate of 
export to other habitats, rate of extinction from 
suitable habitat, ability to compete with organisms 
with similar niche requirements, functional compa- 
tability with non-competitors, relative stress condi- 
tions in the receiving system, and many other 
factors. In some cases, the introduction of geneti- 
cally altered species will be accidental (for exam- 
ple, escape from a laboratory or industrial process 
site). In other cases, release will be part of a 
management plan (for example, release of orga- 
nisms to degrade pollutants or produce pesticides). 
In both cases, it will be important to estimate the 
fate, survival potential, and probability of adverse 
ecological effects of any release into the environ- 
ment. (See also W89-01892) (Author’s abstract) 
W89-01908 


METABOLISM OF BENZO(A)PYRENE BY A 
MIXED FUNCTION OF OXYGENASE SYSTEM 
IN BLUE CRABS, CALLINECTES SAPIDUS, 
Skidaway Inst. of Oceanography, Savannah, GA. 
For primary bibliographic entry see Field SC. 
W89-01910 


BIOTRANSFORMATION OF 
BENZO(A)PYRENE BY MERCENARIA MER- 
CENARIA AND CRASSOSTREA VIRGINICA, 
—— Inst. for Cancer Research, New 
York. 

For primary bibliographic entry see Field 5C. 
W89-01911 


BIOCONCENTRATION, DETOXIFICATION, 
AND EXCRETION OF MUTAGENIC RIVER 
POLLUTANTS IN FISH BILE, 

Rijksinstituut voor de Volksgezondheid en Milieu- 
hygiene, Bilthoven (Netherlands). Lab. of Muta- 
genesis and Carcinogenesis. 

C. F. Van Kreijl, D. De Zwart, and W. Slooff. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 268-276, 4 fig, 19 ref. 


Descriptors: *Toxicology, *Fate of pollutants, 
*Water pollution effects, *Aquatic toxicology, 
*Bioaccumulation, ‘Fish physiology, *Rhine 
River, *Bile, *Mutagenicity, Organic compounds, 
Rainbow trout, Aromatic compounds. 


The continuous presence of unknown Salmonella 
mutagens in XAD-concentrates of Rhine river 
water has been shown in previous studies. Using 
nitro-reductase deficient bacterial strains and silica 
fractionation, this study strongly indicates that the 
responsible compounds may consist of nitro substi- 
tuted aromatics (with additional polar groups or 
heterocyclic str ) and ic amines. The 
same type of mutagens could be detected (10,000- 
fold) in the bile of rainbow trout exposed to Rhine 
river water. Considering the accumulated muta- 
genic activity in natural occurring fish, this obser- 
vation argues in favor of a true bioconcentration 
process of water-borne mutagens in fish bile. The 
clearance of mutagenic activity of bile after trans- 
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ferring the fish to clean water again is indicative 
for the importance of biliary excretion of xenobio- 
tics and their metabolites. (See also W89-01892) 
(Author’s abstract) 

W89-01913 


INFLUENCE OF AGE ON PATTERNS OF 
UPTAKE AND EXCRETION OF POLYCYCLIC 
AROMATIC HYDROCARBONS IN THE RAIN- 
BOW TROUT EMBRYO, 

Washington Univ., Seattle. School of Medicine. 
R. G. Stahl, and R. M. Kocan. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 287-303, 3 fig, 6 tab, 23 ref. 


Descriptors: *Path of pollutants, *Toxicology, 
*Aromatic compounds, *Aquatic toxicology, *Hy- 
drocarbons, *Rainbow trout, *Embryos, *Water 
pollution effects, Bioassay, Metabolism, Fish physi- 
ology, Benzo(a)pyrene, Organic compounds. 


An investigation of the uptake, metabolism, and 
excretion of benzo(a)pyrene (B(a)P) and its meta- 
bolites in developing rainbow trout embryos and 
larvae, as well as the effects of mixed function 
oxygenase (MFO) inducers on these processes, has 
been conducted. The time of exposure during de- 
velopment has a significant effect on the rate of 
uptake and excretion, and MFO inducers can sig- 
nificantly influence the rate of excretion of the 
metabolites. In addition, the appearance of measur- 
able B(a)P monooxygenase activity is related to 
the embryo’s developmental stage, and embryonic 
trout metabolize B(a)P to compounds similar to 
those produced by adult fish and mammals. (See 
also W89-01892) (Author’s abstract) 

W89-01915 


BIOCONCENTRATION OF HYDROPHOBIC 
CHEMICALS IN FISH, 

Amsterdam Univ. (Netherlands). Lab. of Environ- 
mental and Toxicological Chemistry. 

A. Opperhuizen. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 304-315, 4 fig, 2 tab, 19 ref. 


Descriptors: *Path of pollutants, *Aquatic toxicol- 
ogy, *Toxicology, *Hydrophobicity, *Organic 
compounds, *Fish, *Bioconcentration, Bioaccumu- 
lation, Polychlorinated biphenyls, Model studies, 
Dioxin, Fish physiology. 


Uptake rate constants by fish of di-, tetra-, hexa-, 
octa-, and decachlorobiphenyls are independent of 
the solute’s hydrophobicity. By combining a two- 
compartment bioconcentration model with a modi- 
fied membrane permeation model, simple relation- 
ships between uptake rate constants into fish and 
the solutes’ hydrophobicities and molecular con- 
figurations are obtained. The observed lack of 
uptake by fish of hexabromobenzene, octachloron- 
aphthalene, and octachlorodibenzo-p-dioxin is not 
due to insufficient exposure concentrations, since 
the exposure concentrations of these compounds in 
the continuous flow water saturation system were 
significantly higher than those of some ge poower 
nated bee on th dee congeners. Lack of uptake 
of these chemicals can be explained by proposing 
an influence of membrane permeation on the mech- 
anism of bioconcentration. For these com 

it is shown that size rather than octan-1-ol/water 
= coefficients or aqueous solubility causes a 
lack of uptake by fish. (See also W89-01892) (Au- 
thor’s abstract) 
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EFFECT OF NATURAL WATER SOURCE ON 
THE TOXICITY OF CHEMICALS TO AQUAT- 
IC MICROORGANISMS, 

Smith Kline and French Labs., King of Prussia, 


PA. 
For primary bibliographic entry see Field 5A. 
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AQUATIC TOXICOLOGY AND HAZARD AS- 
SESSMENT: SEVENTH SYMPOSIUM. 
American Society for Testing and Materials, Phila- 
delphia, PA. 

For primary bibliographic entry see Field 5C. 
W89-01930 


SEDIMENT MICROBIAL ACTIVITY TESTS 
FOR THE DETECTION OF TOXICANT IM- 
PACTS, 

Texas Univ. at Dallas, Richardson. Graduate Pro- 
gram in Environmental Sciences. 

For primary bibliographic entry see Field 5A. 
W89-01944 


USING THE NATURAL DETOXIFICATION 
CAPACITIES OF MARINE ORGANISMS TO 
ASSESS ASSIMILATIVE CAPACITY, 
Southern California Coastal Water 
Project Authority, Long Beach. 

D. A. Brown, S. M. Bay, and R. W. Gossett. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 364-382, 7 fig, 2 tab, 64 ref. NOAA/ 
OMPA Grants NA80RAD00040 and 
NA82RAD00003. 


Research 


Descriptors: *Toxicology, *Biodegradation, *Path 
of pollutants, *Fate of pollutants, *Water pollution 
effects, *Bioaccumulation, *Aquatic toxicology, 
*Detoxification, Chemical analysis, Enzymes, 
Marine environment, Cadmium, Copper, Zinc, 
Heavy metals, Tissue analysis, Toxicity. 


A test for determining the toxicity of contaminants 
in the environment is described, with a proposal 
that this test can be used to determine assimilative 
capacity for some contaminants. This test is based 
upon the observation that organisms have a meas- 
urable capacity to internally detoxify, and thereby 
safely assimilate, metal and organic contaminants. 
Toxic effects of contaminants appear to coincide 
with saturation of in vivo detoxification systems 
with metal or organic contaminants and appear- 
ance of these contaminants at intracellular sites of 
toxic action. A simple gel chromatography proce- 
dure has been devised to determine the intracellu- 
lar partitioning of contaminants between an 
enzyme-containing (ENZ) pool which is a site of 
toxic action for both metals and organic com- 
pounds, a metallothionein-containing (MT) pool 
which is a site of detoxification for metals, and a 
glutathione-containing (GSH) pool which is a site 
of detoxification for organic compounds. Several 
marine species including sea urchins, scorpion fish, 
croakers, and Dover sole were sampled from Pop- 
ulations living near and away from a major Cali- 
fornia municipal wastewater outfall, and the parti- 
tioning of contaminants between intracellular pools 
was determined. Cadmium, copper, and zinc ap- 
peared to be successfully detoxified by the MT 
pool in all field-exposed organisms. Oxygenated 
metabolites ap) to have exceeded the capac- 
ity of the GS I in field-exposed croakers and 
Dover sole, with fatty livers and fin erosion, re- 
spectively. Therefore, at present levels of contami- 
nation of southern California coastal waters, the 
detoxification (assimilative) capacity of some 
marine organisms for certain trace metals does not 
appear to have been exceeded, whereas that for 
organic contaminants has. Sediments and their as- 
sociated microorganisms were also suggested to 
have a measurable capacity to detoxify contami- 
nants by binding them so that they are not bioavai- 
lable or by degrading them to nontoxic forms. (See 
also W89-01930) (Author's abstract) 

W89-01953 


MODEL FOR PREDICTING THE INFLUENCE 
OF SUSPENDED SEDIMENTS ON THE BIOA- 
VAILABILITY OF NEUTRAL ORGANIC 
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CHEMICALS IN THE WATER COMPART- 
MENT, 

Monsanto Co., St. Louis, MO. 

For primary bibliographic entry see Field 7B. 
W89-01956 


AQUATIC SAFETY ASSESSMENT OF CHEMI- 
CALS SORBED TO SEDIMENTS, 

Monsanto Co., St. Louis, MO. 

W. J. Adams, R. A. Kimerle, and R. G. Mosher. 
IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 429-453, 1 fig, 9 tab, 21 ref. 


Descriptors: *Toxicology, *Aquatic toxicology, 
*Pesticides, *Sediment contamination, *Fate of 
pollutants, *Water pollution effects, *Bioassays, 
Kepone, Bioaccumulation, Midges, Population dy- 
namics, Toxicity, Hazard assessment. 


Chemical safety is assessed by the relationship of 
toxic effects to exposure concentrations, that is, by 
defining the margin of safety. Studies to define the 
key route of exposure (interstitial water, water 
column water, sediment or food) were conducted 
with Kepone and the midge, Chironomus tentans, 
in partial life cycle static and flow-through tests. 
The endpoints measured were survival, growth, 
and bioaccumulation. Seven 14-day tests were con- 
ducted. The no effect-effect concentrations for 
midges exposed to Kepone in the water were > 
5.4 < 11.8 ppb. No effects were observed when 
the midges were fed food containing up to 17,900 
ppb Kepone. In the sediment exposure studies, the 
no-effect concentrations varied from 3000 to 
36,000 ppb depending upon the organic carbon 
content of the sediment. In all the sediment expo- 
sure studies, water column concentrations were 
below the sediment interstitial column effect levels 
(11.8 ppb), and effects were observed only when 
the sediment interstitial column concentrations ex- 
ceeded the 11.8 ppb water column exposure chron- 
ic effect level. Measured bioaccumulation factors 
for each study showed little variability when the 
midge tissue concentrations were divided by the 
sediment interstitial water concentrations. It can be 
concluded from these studies with Kepone and C. 
tentans, that the key route of exposure is from the 
interstitial water and/or the water at the sediment/ 
water interface. Toxic effects can be expected to 
occur in benthic invertebrates only if the chemical 
concentration is high enough in the sediments such 
that the equilibrium interstitial water concentration 
reached by desorption is equal to or higher than 
the concentration demonstrated to cause an effect 
in a water exposure test. Interpretation of aquatic 
hazard and calculation of safety factors for non- 
ionic organic chemicals sorbed to sediments should 
based on the concentration of the chemical in 
the sediment interstitial water, which is a function 
of the chemical’s sediment partition coefficient (K 
sub p), concentration of chemical on the sediment, 
and the organic carbon content of the sediment. 
(See also W89-01930) (Lantz-PTT) 
W89-01957 


ROLE OF SEDIMENT ORGANIC MATTER ON 
SORPTION-DESORPTION REACTIONS AND 
BIOAVAILABILITY OF MERCURY AND CAD- 
MIUM IN AN INTERTIDAL ECOSYSTEM, 
Battelle New England Marine Research Lab., 
Duxbury, MA. 

R. J. Breteler, and F. I. Saksa. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 454-468, 3 fig, 5 tab, 32 ref. Corporate 
Technical Development of Battelle Memorial Inst. 
Contract B-1333-1411. 


Descriptors: *Sorption, *Sediments, *Bioavailabi- 
lity, *Aquatic toxicology, *Path of pollutants, 
*Toxicology, *Mercury, *Cadmium, *Bioaccumu- 
lation, *Fate of pollutants, Ecosystems, Adsorp- 


tion, Salt marshes, Mussels, Model studies, Tissue 
analysis, Regression analysis, Organic matter. 


The adsorption-desorption behavior and bioavaila- 
bility of mercury and cadmium in a model salt 
marsh ecosystem have been investigated. Speci- 
mens of two species of filter-feeding mussels, Myti- 
lus edulis and Modiolus demissus, were placed in 
large rectangular enclosures containing marsh peat 
previously equilibrated with a seawater solution of 
the metals. The tissue concentration was deter- 
mined after 21 and 70 days. Correlation between 
the levels of these metals in mussel tissue and the 
following parameters were examined: percent total 
organic matter, sediment metal concentration, acid 
leachable metal concentration, and amounts of 
metal desorbed from the sediment. Multiple regres- 
sion analysis indicated a strong dependence of 
sorption-desorption processes on sediment organic 
matter content for both metals. Uptake of mercury 
was found to depend primarily on the amounts of 
acid leachable metal and the amounts of metal 
desorbed from the sediment. Cadmium uptake de- 
pended primarily on percent total sedimentary or- 
ganic matter and the amounts of metal desorbed. 
(See also W89-01930) (Author’s abstract) 
W89-01958 


EFFECT OF PHYSICOCHEMICAL FORM ON 
COPPER AVAILABILITY TO AQUATIC OR- 
GANISMS, 

Lawrence Livermore National Lab., CA. Environ- 
mental Sciences Div. 

F. L. Harrison. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 469-484, 1 fig, 10 tab, 42 ref. DOE Con- 
tract W-7405-Eng-48. 


Descriptors: *Path of pollutants, *Bioavailability, 
*Toxicology, *Aquatic toxicology, *Copper, 
*Bioaccumulation, Bluegills, Tissue analysis, Me- 
talloproteins. 


Copper concentration and speciation were deter- 
mined in influent and effluent waters collected 
from eight power stations that used copper alloys 
in their cooling systems. Quantities of copper asso- 
ciated with particles, colloids, and organic and 
inorganic ligands differed with the site, season, and 
mode of operation of the station. Under normal 
operating conditions, the differences between influ- 
ent and effluent waters were generally small, and 
most of the copper was in bound (complexed) 
species. However, copper was high in concentra- 
tion and present in labile species during start-up of 
water circulation through some cooling systems 
and during changeover from an open- to a closed- 
cycle operation. Copper sensitivity of selected eco- 
logically and economically important aquatic orga- 
nisms was also evaluated. Primary emphasis was 
placed on acute effects and most of the testing was 
performed under controlled laboratory conditions. 
Bluegills collected from the intake and discharge 
zones of the impoundment and from a control 
pond were examined for tissue copper concentra- 
tions and for the metals associated with metallo- 
proteins in livers. The low molecular weight 
(LMW) fraction (6000 to 40 000 daltons) contains 
the metallothionein-like proteins considered to be 
important in the homeostatis and detoxification of 
copper; the intermediate molecular weight (IMW) 
fraction (40 000 to 126 000 daltons) and the high 
molecular weight (HMW) fraction (126 000 to > 
670 000 daltons) contain metalloenzymes required 
for metabolic processes. In all samples of fish, the 
LMwW fraction contained by far the largest amount 
of copper. Comparison of the quantities of copper 
in the LWM, IMW, and HMW fractions shows 
that copper concentrations were much higher in 
fish from the intake and discharge sites than from 
the control site. The mean of the copper concen- 
trations in the LMW fraction from the ten fish 
from the discharge site was twenty times greater 
than that in those from the control site; the mean 
from the intake site was six times greater. (See also 
W89-01930) (Lantz-PTT) 

W89-01959 


BIOAVAILABILITY OF TRACE METALS IN 
NATURAL WATERS, 

Illinois Inst. of Tech., Chicago. Pritzker Dept. of 
Environmental Engineering. 

J. R. O'Donnel, B. M. Kaplan, and H. E. Allen. 
IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 485-501, 2 fig, 2 tab, 75 ref. 


Descriptors: *Toxicology, *Aquatic toxicology, 
*Bioavailability, *Metals, *Natural waters, *Path 
of pollutants, Chemical analysis, Toxicity, Sedi- 
ments, Bioassays. 


Current data on the toxicity of metals to aquatic 
organisms show effect levels over many orders of 
magnitude of total metal concentrations. Thus it 
appears that the bioavailability of metals is not 
related to this parameter. From solution, toxicity is 
a function of the concentration of the free metal 
ion and some hydrolyzed species. From sediments, 
metal availability is not well understood, although 
recent work has indicated that metal bound in 
specific sediment compartments or phases may be 
the toxic form. The relationship between water 
quality and the availability of metals to organisms 
is examined. The chemistry and measurement of 
metal species should be used as the basis for re- 
viewing bioassay results. Further research needs to 
be conducted to elucidate the portion of sediment- 
bound metal which is bioavailable. Problems in the 
interpretation of bioassay results for natural waters 
arise from the addition of metal in excess of the 
capacity of organic ligands for complexation and 
in not allowing reactions to attain equilibrium. (See 
also W89-01930) (Lantz-PTT) 

W89-01960 


BIOLOGICAL DEGRADATION OF COMPLEX 
IRON CYANIDES IN NATURAL AQUATIC 
SYSTEMS, 

Liesch (Bruce A.) Associates, Inc., Iowa City, IA. 
K. L. Cherryholmes, W. J. Cornils, D. B. 
McDonald, and R. C. Splinter. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 502-511, 4 fig, 5 tab, 7 ref. 


Descriptors: *Aquatic toxicology, *Path of pollut- 
ants, *Toxicology, *Fate of pollutants, *Biodegra- 
dation, *Iron cyanides, *Cyanide, *Natural waters, 
Chemical analysis, Bacteria. 


Iron cyanide complexes have been considered to 
be very stable when protected from light. Howev- 
er, it was observed in the current study that when 
aqueous solutions of potassium hexacyanoferrate 
(III) were seeded with bacteria, concentrations of 
free cyanide were detected within four days which 
were as much as 88 times greater than those ob- 
served in sterile control solutions. This is signifi- 
cant in terms of aquatic toxicology, since the 200 
to 250 micrograms/L LC sub 50 value for free 
cyanide for many fish species was exceeded. (See 
also W89-01930) (Author’s abstract) 
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ENVIRONMENTAL IMPACT AND SIGNIFI- 
CANCE OF PESTICIDES, 
National Water Research Inst., Burlington (Ontar- 


io). 
For primary bibliographic entry see Field 5C. 
W89-01969 


ORGANOPHOSPHORUS PESTICIDES, 
National Water Research Inst., Burlington (Ontar- 
io). 

For primary bibliographic entry see Field 5A. 
W89-01975 





CARBAMATE PESTICIDES, 

Ontario Ministry of Agriculture and Food, 
Boe : raed on y see Field 5A 

‘or prima jographic entry see Fie’ : 
WES01978. — ad 


SUBSTITUTED UREA HERBICIDES, 
Agriculture Canada, Regina (Saskatchewan). Re- 
search Station. 

For primary bibliographic entry see Field 5A. 
W89-01979 


TRIAZINE HERBICIDES, 

Agriculture Canada, Regina (Saskatchewan). Re- 
search Station. 

For primary bibliographic entry see Field 5A. 
W89-01980 


TECHNICAL REVIEW OF THE FACTORS AF- 
FECTING THE AQUATIC USE OF DICAMBA, 
E. O. Gangstad. 
IN: Environmental Management of Water 
Projects. CRC Press, Inc., Boca Raton, FL. 1987. 
p 109-115, 27 ref. 


Descriptors: *Dicamba, *Herbicides, *Fate of pol- 
lutants, *Environmental effects, Vegetation, Biode- 
gradation, Weed control, Hardwood, Conifers. 


Dicamba (Banvel) is a selective herbicide that kills 
most of the economically significant broadleaf 
weeds without injury to most grasses. The chemi- 
cal rapidly penetrates the waxy surfaces of leaves 
and stems. The herbicide moves in the phloem 
system throughout the entire plant, destroying 
tissue as it moves. It can eliminate tough broadleaf 
weeds and brush, including deep-rooted, hard-to- 
kill perennials, and those resistant to or merely 
suppressed by phenoxy compounds. It gives lasting 
control at all plant-growing temperatures and does 
not require specific weather conditions to kill ac- 
tively growing weeds. Only one application is 
needed to provide full-season control. Degradation 
studies of dicamba herbicide in soil and water 
show that it is biodegradable. If done correctly, 
this type of application can provide excellent con- 
trol of most hardwoods and conifers as well as 
many vines, broadleaf weeds, and other stream 
bank vegetation. (See also W89-01990) (Lantz- 
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MANUFACTURED GAS WASTE DISPOSAL 
own GATIONS. TWO CASE STUDIES IN 
Wisconsin Dept. of Natural Resources, Madison. 
: — D. B. McDonald, S. J. Prior, and S. J. 
uthill. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 39-51, 5 fig, 6 tab, 6 ref. 


Descriptors: *Groundwater pollution, *Path of 
pollutants, *Case studies, *Waste disposal, Iowa, 
Groundwater pollution, Drinking water, Water 
quality, Aromatic compounds, Hydrocarbons, 
Groundwater management, Drainage, Coal gasifi- 
cation, Phenols. 


Two of Iowa Electric Light and Power Co. (Iowa 
Electric) predecessor companies operated coal gas- 
ification plants in Belle Plaine, lowa, and Fairfield, 
Towa, during the late nineteenth century. Two gas 
manufacturing processes were used at these plants. 
The primary concern of the investigation in each 
community was the evaluation of drinking water 
Pg og: and surface water resources in the vicinity 
the plant sites. The location of tar residues at 
each plant site was successfully identified during 
interviews with former employees of Iowa Elec- 
tric. Both sites utilized either concrete or wood 
gravity separators to remove tar from the 
water; much of the tar produced at the site over 
the years had been sold. The excess tar that was 
not sold was placed in earthen pits. The locations 
of these disposal sites were verified during the field 
investigations. The location of the spent oxide dis- 
posal site was identified at Belle Plaine, but not at 
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the Fairfield facility. Based on the nature of the 
soil oe = sequences of unconsolidated sedi- 
ments tified at the sites prior to the field inves- 
tigations, off-site migration of PAHs and metals 
associated with the manufactured constituents 
was initially considered to be unlikely. Since ben- 
zene, toluene, and xylene and phenols are mobile in 
soils and groundwater, these compounds were ex- 
pected to migrate over time. However, field inves- 
tigations revealed site specific conditions which 
resulted in the off-site migration of both types of 
coal gasification waste. Subsurface movement has 
occurred through shallow (10-30 ft) sand seams 
located at each site. This movement has probably 
been enhanced through disturbance of soils at the 
sites during subsequent construction activities, and 
the presence of drain tiles along the foundations of 
the gas holders. While the coal tar constituents 
moved relatively quickly through the sand seams, 
the initial information from the Belle Plaine site 
investigation indicated these constituents do not 
migrate rapidly through silts. The extent of both 
the horizontal and vertical off-site migration from 
each plant has yet to be determined. (See also 
W89-02006) (Lantz-PTT) 

Ww89-02011 


LEACHABILITY OF SOLIDIFIED (BA, RA)SO4 
SEDIMENTS IN SIMULATED SETTLING 
PONDS, 

Environmental Protection Service, Burlington 
(Ontario). Waste Water Technology Centre. 

T. W. Constable, and W. J. Snodgrass. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 67-73, 7 fig, 2 tab, 5 ref. 


Descriptors: *Radioactive wastes, *Leaching, 
*Barium, *Radon, *Sulfates, *Sediments, *Settling 

mds, *Water pollution prevention, *Path of pol- 
utants, Pore water, Diffusion, Solidification, Cal- 
cium, Magnesium, Barium, Effluent streams, 
Solute transport. 


The leaching of Ca, Mg, SO4 and 226-Ra from 
(Ba, Ra)SO4 sediments is consistent with dissolu- 
tion reactions in sediment pore water and the diffu- 
sion of these constituents into the overlying water. 
Leaching from solidified sediments is consistent 
with the dissolution of a (Na, K)-(silicate, sulfate) 
solid that is —_— capable of suppressing disso- 
lution of 226-Ra and (Ca, Mg, Ba) sulfate, which 
are the main constituents of the sediments. Solidifi- 
cation decreased the amount of dissolved 226-Ra 
released from the ponds during the study by about 
65%. The increase in calcium concentrations in the 
solidified sediment effluents suggests that the en- 
capsulating material may be slowly dissolving. The 
results of this study, and of a similar study con- 
ducted on solidified taili suggest that solidifica- 
tion of tailings and (Ba, sediments by the 
Chemfix process may only delay the release of 
radionuclides and other constituents from these 
residues, but no prevent this release from eventual- 
ly occurring. (See also W89-02006) (Lantz-PTT) 
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BIODEGRADATION OF ORGANIC COM- 
POUNDS IN ANOXIC GROUNDWATER SYS- 


TEMS, ‘ é 

Black and Veatch, Philadelphia, PA. 

For primary bibliographic entry see Field 5G. 
W89-02027 


BINDING CHARACTERISTICS OF HAZARD- 
——_— SUBSTANCES TO CLAY 


New Jersey Inst. of Tech., Newark. Dept. of Civil 
and Environmental . 

G. A. Selvakumar, A. M. Rodrigo, and P. Chan. 
IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 775-780, 8 fig, 2 tab, 8 ref. 
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*Path of pollutants, Illite, Phenol, Chlorophenol, 
Chlorobenzene, Sorption, Adsorption. 
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Disposed liquid organic contaminants may perco- 
late through the vadose zone and reach the water 
bearing aquifers. During the migration of contami- 
nants towards the water bearing aquifers, the con- 
taminants are constantly in contact with the soil. 
Certain chemicals that are hydrophobic and non- 
reactive in nature cause more affinity to solid 
particles than that of water. In the case of clay 
soils, the negative surface charges tend to bind 
dipolar organic cotapounds to form a diffuse elec- 
trical double layer. The degree to which the liquid 
organic contaminants are bound to the clay parti- 
cles is one of the key factors which controls the 
contaminant transport. Bentonite, illite and kaolin- 
ite were selected for the study of sorption charac- 
teristics. Only the results obtained on illite are 
presented in this paper. Illite is crystalline in form 
and commonly found in soils and aquatic sediment. 
The sample was ground using a handmill and 
passed through a U.S. No. 40 sieve before it was 
used in the experimental analysis. A significant 
amount of phenol, chlorophenol and chloroben- 
zene was sorbed by illite. These processes reach 
equilibrium within the first 0.5 to 2 hours, depend- 
ing upon the type of liquid organic. The optimum 
detention time decreases as the solubility of the 
contaminant increases. The Freundlich adsorption 
isotherm best depicted the equilibrium adsorption 
process of these liquid organic contaminants on to 
illite. Hydrophobic and high polar compounds ex- 
hibit greater sorption on to illite compared to that 
of hydrophobic compounds. Considerable amounts 
of desorption of liquid organic contaminants were 
observed during the washing. Results show that 
for compounds with a high adsorption rate and 
capacity, the desorption was found to be small and 
vice-versa. The removal of contaminants ceases 
after a few washings of the clay samples. This 
shows the existence of reversible and irreversible 
components of sorption. (See also W89-02006) 
(Lantz-PTT) 

W89-02081 


SORPTION OF 2,4-DICHLOROPHENOL AND 
1,1,1-TRICHLOROETHANE ONTO THREE 
SOILS, 


Rutgers - The State Univ., Piscataway, NJ. Dept. 
of Chemical and Biochemical Engineering. 

W. M. Ollinger, and R. C. Ahlert. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 781-785, 3 fig, 3 tab, 5 ref. 


Descriptors: *Path of pollutants, *Fate of pollut- 
ants, *Dichlorophenol, *Trichloroethane, *Sorp- 
tion, *Soil types, Clay, Loam, Model studies, 
Mathematical analysis, Linear analysis, Sand. 


An experiment was performed to estimate the 
equilibration period for the sorption of 2,4-dichlor- 
ophenol onto a loam soil. Results indicate that a 
steady-state concentration was obtained in a period 
of 24 hr. Contact periods for all subsequent batch 
experiments were between 24 hr. and 72 hr. Sorp- 
tion data was modeled using linear and linearized 
Langmuir and Freundlich isotherms. The non- 
linear sorption models may be linearized by loga- 
rithmic and reciprocal transformations of the set 
(q,C) for the Freundlich and Langmuir models, 
respectively. Alternatively, a non-linear regression 
procedure can be employed. Parameter estimates 
for linear, Freundlich and Langmuir isotherms for 
the sorption of 2,4-dichlorophenol onto a sandy 
loam and loam are given, as are the parameter 
estimates for the sorption of trichloroethane 
'CA) on the sandy clay loam and loam appear. 
ignificant non-zero intercepts for the linear model 
were obtained for those experiments involving 2,4- 
dichlorophenol. These results imply that a finear 
model is not valid for this solute. 
for the linear and Langm 
tistically different from zero at the 95% confidence 
interval for the solute 1,1,1-TCA. These results 
support the hypothesis of linear partitioning and 
suggest, somewhat improbably, that the sorbents 
have infinite sorption capacities for this solute. 
Since the arguments of the concentrations ex) 
nents were not significantly different than unity, 
the linear model was chosen to describe the sorp- 
tion of TCA. The higher sorptive affinity of the 
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organic rich sorbent for TCA is evident. The nor- 
malized linear partition coefficient estimates are 
44.9 and 44.0 for the sandy clay loam and loam, 
respectively. (See also W89-02006) (Lantz-PTT) 
W89-02082 


HEAVY METALS IN WASTEWATER AND 
SLUDGE TREATMENT PROCESSES. 
VOLUME I: SOURCES, ANALYSIS, AND LEG- 
ISLATION. 

For primary bibliographic entry see Field 5A. 
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SCOPE OF THE PROBLEM, 
Consultants in Environmental 
London (England). 
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tion. 


Sources of metals that enter the water environment 
can be divided into two main categories: those that 
originate from man’s activities and those of natural 
origin. Sources of metals that can eventually reach 
wastewater treatment works can be considered as 
five types: domestic and industrial effluents, runoff, 
atmosphere, and lithosphere. Domestic and indus- 
trial discharges are probably the two most impor- 
tant anthropogenic sources, and anthropogenic 
metals may also come from the atmosphere and 
runoff, depending on whether the sewerage system 
is separate or combined with storm drainage. Non- 
anthropogenic sources can also include the atmos- 
phere and runoff, the latter arising from geochemi- 
cal background concentrations due to sources in 
the lithosphere. Further refinement of specific 
sources within each source type is given along 
with the interrelationship of the major sources of 
heavy metals and the possible pathways to 
wastewater treatment processes. (See also W89- 
02097) (Lantz-PTT) 
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Metals may occur in ——- sludges as soluble, 


adsorbed, organically complexed, precipitated, co- 
feng eg n metal oxide, or residual forms. Solu- 
le metals may exist in solution as simple ionic 
forms, or complexed to soluble organics and inor- 
ganics. Complexes with multidentate ligands are 
ay more stable than those with monodentate 
igands. Humic acids and fulvic acids are examples 
of multidentate ligands found in sludges. The abil 
ty of these compounds to form stable complexes 
with metal ions is undoubtably due to their high 
content of the electron-donating ligands. Organi- 
cally complexed metals incorporate those forms 
which are bound to insoluble organic matter, in 
addition to components of living cells, their exu- 
dates, and a spectrum of degradation products, by 


simple complexation or chelation. Segregation of 
heavy metals in sewage sludges into all-specific 
physicochemical forms is not possible, however, 
with current analytical techniques. This is due not 
only to the limitation of analytical techniques 
available but also to the complex nature of sewage 
sludges samples. Valuable information on the parti- 
tioning of heavy metals in such a complex matrix 
into several component fractions has been ob- 
tained, using chemical-extraction techniques based 
on selective chemical reagents. Such techniques 
may either be of a discrete nature, employing a 
single selective reagent to release a specific metal 
fraction from within the ys sample or may 
incorporate several reagents of increasing extrac- 
tion strength to release a number of different metal 
forms in sequence. This fundamental classification 
into discrete and sequential types provides a basis 
for discussion of chemical-extraction techniques. 
(See also W89-02097) (Lantz-PTT) 
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Virus adsorption to natural materials is a well- 
studied phenomenon, yet there are still errors of 
approximately one order of magnitude, in each 
direction, in the mathematical predictions of viral 
adsorption. This is understandable if the complex- 
ity of natural surfaces and the variability of the 
aqueous environment are considered. As is shown 
in this review, most if not all observations are 
found to support the DLVO (after Derjaguin and 
Landau and Verwey and Overbeek) theory of 
interaction of charged colloids, where the major 
forces at work are London-van der Waals and 
coulombic (electrostatic double-layer) forces. In- 
complete characterization of viral surface proper- 
ties in dilute aqueous media introduces major un- 
certainties into the prediction of virus-adsorptive 
behavior. Some conclusions on the control of envi- 
ronmental viruses can be drawn and certain recom- 
mendations can be made: (1) The predictions of the 
DVLO theory are qualitatively useful despite un- 
certainties remaining in the quantitative predic- 
tions; (2) The predictions of the theory apply 
mostly to monodisperse virus particles; (3) Lond- 
van der Waals forces and double-layer compres- 
sion may both be maximized by the use of appro- 
priate substrates and by chemically conditioning 
the aqueous phase that contains the virus particles. 
Such treatment may consist of pH adjustments 
and/or additions of calcium or aluminum ions; (4) 
Control of viruses is best practiced during treat- 
ment of wastewater, rather than potable water; and 
(5) Removal of viruses by treatment processes is no 
more difficult than the removal of bacteria; theory 
even suggests that viruses may be more easily 
removed by adsorption than larger particles. (See 
also W89-02111) (Lantz-PTT) 
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A great amount of variation has been observed in 
the concentrations of toxic chemical in fishes from 
the Laurentian Great Lakes. This variation has 
made it difficult to interpret the results of monitor- 
ing programs, determine the probability of expo- 
sure in determining the dose portion of hazard 
assessments for human consumption of fishes from 
the Laurentian Great Lakes and study the relation- 
ships between residue concentrations and adverse 
effects in populations of fishes. The ‘among-fish’ 
variability is due to the nature of the fish, which is 
caused by many factors, such as: differences in age, 
size, sex, nutritional status, location and genetic 
makeup. The ‘among-fish’ variation of concentra- 
tions of toxic chemicals in the Laurentian Great 
Lakes has been observed to range from as little as 
two-fold to over 50-fold. The average range in 
concentrations for most species and most chemi- 
cals is approximately 10-fold. The experimenter 
has no control over how much concentrations of 
toxic chemicals vary from one fish to another. 
‘Within-fish’ variability, on the other hand, is 
caused by variation in sampling, weighing and 
quantifying residue concentrations. The ‘within- 
fish’ variation is the type of variation, which has 
been considered to be adverse. The experimenter 
wants to know the relative magnitude of the 
‘within-fish’ to that of the ‘among-fish’ variation. 
This will determine the degree of resolution about 
questions which can be asked. Methods available 
to investigate the variation in concentrations of 
toxic chemicals and the design of appropriate sam- 
pling programs, so that the data obtained is inter- 
pretable, are presented. The methodology for de- 
termining the sample size and the appropriate 
number of replications of extractions and quantifi- 
cations is discussed. Examples of residues in tissues 
of fish from the Laurentian Great Lakes are used. 
(See also W89-02121) (Lantz-PTT) 
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Eight ae of organochlorines OCs): Tri- to 
nonachlorobiphenyls S-PCB), DDT and metabo- 
lites S-DDT), technical chlordane compounds and 
metabolites S-CHLOR), hexachlorocyclohexane 
isomers S-HCH), hexachlorobenzene HCB), diel- 
drin and toxaphene, all well-known trace atmos- 
pheric contaminants, have been identified in fish, 
tinged seals and polar bears in Canada. Bioconcen- 
tration factors and a geographically extensive data 





base on OC levels in polar bear fat are used to 
predict residue levels in fish throughout the Cana- 
dian Arctic and sub-Arctic. Levels in fish muscle 
are low, ranging from 0.0004 mg/kg wet weight) 
of dieldrin for the Beaufort Sea to 0.011 mg/kg 
wet weight) of S-PCB for Hudson Bay. Levels of 
all OCs are highest in Hudson Bay, with secondary 
peaks in the south-central Canadian archipelago 
for more water soluble S-HCH and dieldrin, prob- 
ably due to runoff from land, and in an area near 
the Arctic Ocean for S-PCB. S-PCB and HCB 
levels are the most uniformly distributed. S-DDT 
levels increase steadily from the Beaufort Sea to 
Baffin Bay, and are twice as high in Hudson Bay as 
elsewhere, which may reflect ongoing input from 
Mexico and Central America to the northeast part 
of North America. Levels of toxaphene in fish 
were 3-17 times higher than S-PCB levels, but 
toxaphene was not found in Polar Bears. Published 
data on OC levels in fish, air, precipitation and 
water are summarized and compared to these find- 
ings. The apparent order of PCB and DDT con- 
tamination is; Great Lakes > NW Atlantic Ocean, 
North Sea and Baltic Sea > NW Pacific Ocean > 
Arctic Ocean > Antarctic Ocean. The other OCs, 
especially a-HCH, appear to be more evenly dis- 
tributed in the northern hemisphere. More meas- 
urements of OC levels in Arctic air, snow and 
water are required in order to determine the rela- 
tive importance of atmospheric and oceanic trans- 
port mechanisms. (See also W89-02121) (Author’s 
abstract) 
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Most persistent contaminants in aquatic systems 
have a strong affinity for particulate matter and 
eventually become associated with the sediments. 
This results in elevated concentrations and expo- 
sures for the organisms that inhabit the benthic 
region. There are three consequences of this be- 
havior. First, the organisms, through their stirring 
and feeding activities (bioturbation), mix the con- 
taminant-laden sediments through a thickness rep- 
resenting several years to decades of sediment ac- 
cumulation, thereby stretching out the lake’s time 
dependent response to contaminant input. Second, 
the organisms bioaccumulate contaminant from the 
sediment-pore water matrix and this material can 
be passed up the food web. High concentrations of 
several contaminants (e.g. PCBs, PAHs) have been 
measured in the benthic invertebrates of the Great 
Lakes. Their body burden is usually related to 
local sediment concentrations. Laboratory experi- 
ments with the abundant amphipod, Pontoporeia 
hoyi, indicate the predominant uptake pathway is 
via water, thus some sediment-water transfer is 
necessary to explain the field observations. Third, 
chronic chemical stress from the complex mixture 
of contaminants may cause shifts in the composi- 
tion and density of the benthos. Significant changes 
in the community structure of the Great Lakes 
benthos have been documented in several area. 
Because of major transients in the nutrient loadings 
and productivity of the lakes and the community 
structure of the fish (predators), it is difficult to 
quantify the cause/effect link due to contaminants, 
although abundant circumstantial evidence exists 
that the benthos community structure is signifi- 
cantly influenced by the chemical quality of the 
sediments. (See also W89-02121) (Author’s ab- 
stract) 
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The main routes of human exposure to persistent 
toxic chemicals are air, drinking water and food. 
Occupational exposure can also be significant. It is 
important to know the relative contributions of 
these routes to the total body burden so that pro- 
grams to reduce human exposure can focus on the 
most significant pathway(s). This paper assesses 
the relative importance of the three main non- 
occupational human exposure pathways to selected 
persistent toxic chemicals in the Great Lakes basin, 
using Toronto and Southern Ontario as a case 
study. This has been done by reviewing data on 
ambient concentrations in air, drinking water and 
food, and calculating the estimated human expo- 
sure from each route. For the chemicals studied, 
food was the most significant route of exposure, 
although concentrations were no greater than in 
food grown in the USA. All detected concentra- 
tions were below the Maximum Residue Limits 
(MRLs) established in the Canadian Food and 
Drugs Act. (See also W89-02121) (Author's ab- 
stract) 
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Persistent waterborne contaminants in the North 
American Great Lakes are of particular interest 
because human consumption of freshwater fish 
from these lakes represent a convenient and signifi- 
cant source of exposure to toxic lipophilic com- 
pounds. To investigate this, a study cohort of 
Michigan residents from ten Lake Michigan shore- 
line communities was established. A total of 572 
persons who consumed a median of 38 pounds of 
fish/yr were compared to 419 randomly selected 
persons who did not eat fish from the lake. Past 
and present fish consumption practices, species and 
cooking preferences and major health indices were 
recorded for each participant. In addition, the con- 
centration of PCB and nine chlorinated pesticides 
were measured in human serum and cooked fish 
preparations. The exposed group had PCB serum 
concentrations which ranged as high as 400 parts 
per billion (ppb) with a median level of 21.4 ppb, 
which was significantly greater than the 6.6 ppb 
median concentration found in the comparison 
group. The elevation of PCB and other organoch- 
lorine contaminant concentrations were unique to 
the exposed group and correlated directly with 
species preference, annual consumption levels and 
the number of years fish had been consumed. Hom- 
ologs of PCB with five and six chlorine atoms, 
some of which are forms with demonstrated toxici- 
ty, dominated the pattern of PCB found in cooked 
fish and human serum. This unique cohort of per- 
sons, shown to be exposed to toxic lipophilic wa- 
terborne contaminants, provides the opportunity to 
evaluate whether or not the prolonged retention of 
contaminants at these levels will produce subtle or 
delayed illness in humans. (See also W89-02121) 
(Author's abstract) 
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The main Mediterranean pollution problem - ex- 
cessive nutrient inputs - was apparently compound- 
ed by those associated with high levels of mercury 
inedible fish and the contamination of sediment and 
water by other toxic materials such as lead, organ- 
ochlorine pesticides and PCBs. More recent data 
suggest that the metal contamination of Mediterra- 
nean waters is, on the whole, not greater than that 
found in other seas, and that Hg and Pb pollution is 
a local phenomena associated with coastal areas 
adjacent to population centers and industrial 
plants. The enigmatic accumulation of Hg by some 
fish requires further study. Possibly, because of the 
peculiar hydrology of Mediterranean waters and 
the prevailing redox potentials of the sediments 
under various conditions, methyl mercury is made 
more available to biota in general and to fish in 
particular. (See also W89-02121) (Author's ab- 
stract) 
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In the three years before its ban in November 1982, 
over 30,000 tons of toxaphene, a complex mixture 
of polychlorocamphenes (PCC), was applied large- 
ly in the southern United States to soybeans, 
cotton, grain, and as a cattle dip. PCC are atmos- 
pherically transported from sites of application to 
the Great Lakes and remote regions and are wide- 
spread contaminants in Great Lakes and marine 
fish. Toxaphene is carcinogenic in laboratory ani- 
mals, and concern over potential risks to popula- 
tions consuming fish in the Great Lakes and Mis- 
sissippi Delta regions was cited in the decision to 
cancel toxaphene registrations. Input of PCC to 
the environment is likely to continue, although at a 
lower rate. Continued monitoring of PCC in air, 
precipitation, and organisms is needed to determine 
loadings and residue trends for the Great Lakes. 
PCC physical properties are poorly defined, and a 
better knowledge of their solubilities and vapor 
pressures is required to formulate precipitation 
scavenging and gas exchange models. The avail- 
able data suggest that PCC are washed out of the 
atmosphere primarily as vapors. Chromatographic 
patterns of environmental PCC residues are often 
different from toxaphene standard fingerprints be- 
cause of physical weathering, chemical degrada- 
tion, and metabolism. As a result, identifications by 
electron capture gas chromatography (GC-ECD) 
are sometimes uncertain. Analytical selectivity can 
be improved by using gas chromatography - nega- 
tive chemical ionization mass spectrometry (GC- 
NCIMS), and quantitative comparisons between 
GC-ECD and GC-NCIMS would be desirable. 
(See also W89-02121) (Lantz-PTT) 
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As early as 1965, it was apparent that Great Lakes 
fishes were bioaccumulating relatively large con- 
centrations of agricultural insecticides such as 
DDT and dieldrin while the bioaccumulation of 
PCBs was suspected, but not confirmed. By 1969, 
state and government agencies had begun annual 
organochlorine contaminant monitoring programs. 
They constitute the majority of data on Great 
Lakes fishes. In general, these data show that, 
between 1965 and 1980, the PCB, total DDT, 
dieldrin and mercury concentrations in lake trout, 
bloater chub, coho salmon and chinook salmon as 
well as other species of fishes have decreased 
significantly throughout the Great Lakes. This re- 
flects the more stringent controls on point dis- 
charges of these contaminants into the water 
system in the 1970s. Since 1980, however, the 
concentrations of these contaminants in Great 
Lakes fish have declined only slightly in many 
cases, remained relatively constant, or even in- 
creased slightly in others. The recent data often 
exhibit such year-to-year variations that it is not 
possible to discern trends. One reason may be the 
uncontrollable variables inherent in a large lakes 
fish sampling program. Another may be the impact 
of toxic chemicals from diffuse nonpoint sources 
such as atmospheric deposition, municipal/indus- 
trial effluent discharges, agricultural and urban 
runoff, reactivation of contaminants from the sedi- 
ments, and leachate from municipal and industrial 
landfills. (See also W89-02137) (Author’s abstract) 
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Increasing urbanization of watersheds has resulted 
in deterioration of the quality of runoff discharged 
to receiving water bodies. Large lakes of the world 
are particularly susceptible to urban pollution be- 
cause of their role as a receptor of urban runoff. In 
urban regions where stormwater runoff is com- 
bined with sanitary sewage prior to treatment, 
urban runoff contaminant problems are compound- 
ed by inadequate design capacity of wastewater 
treatment facilities to handle the combined flows 
when rainfall events are appreciable. These com- 
bined sewer overflow events (CSOs) can release 
large quantities of toxic contaminants as well as 
such contaminants as nutrients and pathogenic bac- 
teria typically associated with sewage. The princi- 


pal contaminants in urban runoff appear to be the 
metals Cu, Zn, and Pb which are present largely as 
a result of automotive activity and corrosion of 
metallic surfaces and fittings. Organic contami- 
nants such as pentachlorophenol and endosulfan 
often are present in urban runoff as well. However, 
organic including PCBs are much less prevalent as 
a general rule and appear to be less of a contami- 
nant problem as compared to inorganics. (See also 
W89-02155) (Author’s abstract) 
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Of several factories around Lake Biwa which were 
using and were responsible for PCB pollution, the 
largest was a condenser factory. The immediate 
impact to the environment was caused by PCB in 
the factory effluent. Pollution extended to water- 
ways to the lake, pounds and rice paddy-fields, and 
even to rice and fish. It took about ten years before 
countermeasures against the pollution were fully 
effected. They consisted of: (1) Removal of PCB 
from discharged water from the related factory or 
the suspension of PCB use; (2) Removal of pollut- 
ed soil to be sealed up in concrete pits; (3) Medical 
checkup for the residents; (4) Inspection of the 
factories in the basin using PCB; and (5) Compen- 
sation to the people affected by such contamina- 
tion. The most difficult aspect to settle concerned a 
consensus that all firms using PCB share responsi- 
bility for the pollution and hence the allotment of 
compensation expense among them for the 
damage. After this unfortunate experience, Shiga 
Prefecture began to practice a rigorous controi and 
monitoring program. Limitations of toxic sub- 
stances in effluent were made as restrictive as those 
in drinking water. As well a local regulation was 
modified so that toxic substances cannot be used 
without Governor’s approval. As a result, the con- 
centration of PCB contained in the sediment of 
Lake Biwa has decreased to 1/20 to 1/40 of the 
level 15 years ago. (See also W89-02155) (Author’s 
abstract) 
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Advances in plant breeding, coupled with exten- 
sive use of fertilizers and pesticides, are responsible 
for the sustained high yields needed to alleviate 
world food shortages. Where extensive use or 
manufacturing of pesticides takes place near large 
lakes, residues can be detected in aquatic biota. 
Major changes have occurred in the kinds and 
amounts of pesticides used over the last three 
decades, and these changes are reflected, in detect- 
ed aquatic residues. The pesticides industry is 
about to undergo a massive change in the chemis- 
try of pest control chemicals that will again change 
the residue picture over the next two decades. An 
awareness of these changes will alter the direction 


of monitoring programs and governmental policies 
regulating use. Worldwide and national pesticide 
usage and future technologies in the pesticide in- 
dustry that will directly impact on large lake 
ecologies are discussed. (See also W89-02155) 
(Lantz-PTT) 
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Waste disposal practices include the burial in or 
discharge to the soil environment of municipal 
solid waste and industrial wastes, both solid and 
liquid. The threat which these disposal practices 
present for large lakes ranges from none in some 
situations to serious in others. The factors which 
influence the extent of the threat include the type 
and amount of waste being disposed of, the prox- 
imity of the site to lakes or their tributaries, the 
manner in which the disposal site has been de- 
signed and operated, the hydrogeologic conditions 
at the site and the climate. In North America, 
many disposal sites consist of landfills for munici- 
pal solid wastes located 1 km or more from surface 
waters and operated so as to minimize surface 
runoff of contaminants. The risk of large lake 
contamination from this type of site is very limited. 
However, some disposal sites contain large 
amounts of hazardous contaminants with access to 
nearby surface waters through either surface 
runoff or subsurface flow in highly permeable soil 
or rock formations. The risk of contamination from 
these sites is high, especially in cases where the 
amount of the contaminant disposed of is measured 
in tons while the allowable aqueous phase contami- 
nant concentration is in the micrograms/L range. 
The Niagara River situation is a case in point. 
Current technology available for controlled dis- 
posal sites does much to minimize the risks in- 
volved. (See also W89-02155) (Author’s abstract) 
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AND EXAMPLES FROM THE NORTH SEA, 
University of East Anglia, Norwich (England). 
School of Environmental Sciences. 

P. S. Liss. 

IN: Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Contami- 
nants. Lewis Publishers, Chelsea, Michigan, 1988. 
p 213-224, 3 fig, 4 tab, 10 ref. 


Descriptors: *Path of pollutants, *Air-water inter- 
faces, *Water pollution sources, *North Sea, *Air 
pollution, Trace metals, Organic compounds, 
Heavy metals, Arsenic, Cadmium, Copper, Chro- 
mium, Mercury, Nickel, Lead, Zinc, Aromatic 
compounds, Pesticides, Polychlorinated biphenyls, 
Precipitation. 


Chemicals transferring across natural air-water 
interfaces can be in gas, liquid or solid phases. 
Parameterization of these modes of exchange is 
discussed in terms of transfer and deposition ve- 
locities, for gaseous and solid phase exchange re- 
spectively, and washout factors for deposition in 
rain. These ideas are then applied to estimation of 
the atmospheric inputs of trace metals and some 
anthropogenic organic substances to the North 
Sea. Atmospheric fluxes to the North Sea are 





compared with inflows of the substances consid- 
ered via rivers. Wet and dry deposition fluxes, as 
well as inputs from rivers, are given in tabular 
form. Analysis of these data of river inputs assume 
no addition or removal of pollutants as a result of 
processes within estuaries. It is clear that atmos- 
pheric inputs are dominant for Pb and for several 
synthetic organics, and not insignificant for almost 
all of the components listed (As, Cd, Cu, Cr, Ni, 
Hg, Zn, polycyclic aromates, pesticides, and poly- 
chlorinated biphenyls). (See also W89-02155) 
(Lantz-PTT) 
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The atmosphere serves as an important transfer 
medium for a variety of microcontaminants in the 
Great Lakes region. Vapor-phase and aerosol asso- 
ciated contaminants are removed from the atmos- 
phere both via wet and dry deposition. The mode 
of removal is very much dependent on the vapor 
pressure and aqueous solubility of the substance in 
question. The ratio of wet-to-dry removal for aero- 
sol associated microcontaminants usually exceed 
7:1 in the Great Lakes region. Substances that exist 
in both phases, such as PCBs, are also thought to 
be removed mainly with precipitation. However, 
vapor phase exchange in both directions are 
thought to occur and the magnitude of the process 
remains to be evaluated for all of the Great Lakes. 
For several trace metals the relative unit area 
loading intensity most likely is Erie > Ontario > 
Michigan > Huron > Superior. Loadings for Cd, 
Cr, Cu, Ni, Pb, and Zn range from about 0.002 to 
1.0 kg/hr/yr. More than 90% of the Pb that pres- 
ently deposits in Lake Michigan sediments comes 
in from the atmosphere. Most of this Pb is of 
anthropogenic origin. If Green Bay, Wisconsin is 
excluded from a mass balance of Lake Michigan, 
most of the PCBs that annually reach the lake also 
are atmospherically derived. A variety of other 
chlorinated hydrocarbons are also known to enter 
the lakes from the atmosphere. (See also W89- 
02155) (Lantz-PTT) 
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Results obtained when using non-steady state 
mathematical models, suggest that unless more 
than 50% of PCBs under use in the terrestrial 
environment are destroyed or confined to land 
itself, PCB concentrations in surface seawater will 
increase in tropical areas and remain at a constant 
level in temperate and colder areas. PCB concen- 
trations in marine mammals will increase every- 
where, but the time of attaining maximum concen- 
tration will be several decades after they have 
increased in the surface seawater. A similar situa- 
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tion is expected to occur with the other persistent 
chemicals. This model, with some modifications, 
seems to be applicable to large water bodies such 
as inland seas and lakes. (See also W89-02155) 
(Lantz-PTT) 
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In 1957 a decision was made to bring industry to 
the shores of Lake Baikal. At the time, the focus of 
this industrialization was the manufacture of high 
grade cellulose cord for use in aircraft tire produc- 
tion. This product requires the use of ultra-pure 
water and the only available source was Lake 
Baikal. In addition, the watershed is rich in timber, 
electricity was already available and the Trans- 
Siberian railway was nearby. Construction of the 
Baikalsk Cellulose and Paper Combine (BCPC) 
began in 1959 despite almost immediate opposition 
from scientists, journalists and artists. Because of 
this outcry, planners added filtration equipment to 
the blueprints of the plant. This treatment facility 
was designed to use biological, mechanical and 
chemical purification techniques. Only Baikal’s im- 
mense volume of water has ensured the slow rate 
of change in water quality, hardly aided by the 
treatment system. The Selenga Cellulose and 
Carton Combine (SCCC), built on the Selenga 
River, discharges into the Selenga River which 
ultimately reaches Lake Baikal. In 1971, a third 
law was passed to protect Lake Baikal. This law 
demanded that; (1) the BCPC treatment system be 
fully operational by the end of 1971; (2) the SCCC 
treatment facility be completed before opening; (3) 
all enterprises in the Lake Baikal basin were re- 
quired to develop schedules for the addition of 
treatment facilities; (4) timber practices and ship- 
ping were to be improved - log flotation in the 
form of rafts was forbidden; and (5) in 1971-1975 
already sunken logs were to be removed from 
rivers and portions of the lake. Indications are that 
even though some of these regulations have been 
implemented, deterioration of the lake is continu- 
ing. Suggestions have been made that the BCPCs 
waste discharges should be carried outside the 
boundaries of the Lake basin and then discharged. 
Additional suggestions have been put forth to 
demand closed-cycle operations of all plants, de- 
posit SCCC wastes into deep strata below the 
earth’s crust so that inputs into the Selenga River 
would cease, stop all rafting transport on the lake 
as well as on the tributaries, and develop improved 
gas/dust collectors for the stacks of all plants in 
the Lake Baikal region. (See also W89-02155) 
(Lantz-PTT) 
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Sources Of Pollution—Group 5B 


The aquatic behavior of polychlorinated biphenyls 
(PCBs) in Lake Superior gleaned from scientific 
studies over the last decade permits an evaluation 
of the chemical limnology and environmental fate 
of hydrophobic organic chemicals (HOC) having 
similar physical/chemical properties in large lakes. 
The range of properties (Henry’s Law Constant K 
sub H, octanol-water partition coefficient K sub 
ow) describing the fate of the 50 to 100 PCB 
congeners observed in the environment suggest 
that air-water and sediment-water interactions 
dominate their aquatic behavior. PCBs likely enter 
the lake during intense periods of precipitation 
(scavenging of particles) and are subsequently lost 
during longer periods of volatilization. Although 
the atmosphere has served as a long term source of 
PCBs to the lake, decreasing inputs and water 
column concentrations suggest that the atmosphere 
is now a sink for PCBs previously deposited. Proc- 
esses such as resuspension of bottom sediment and 
porewater containing PCBs dominate internal 
bottom sediment and porewater containing PCBs 
dominate internal cycling. Although only about 
25% of the water-sorption PCBs occur in the 
particulate phase, sorption and subsequent removal 
of particles to the bottom is an important lake 
detoxification process. The observed inverse rela- 
tionship of log K sub p and log suspended solids 
may be explained by mixed particle populations of 
differing organic carbon content and binding of 
PCBs to colloidal organic matter. The estimated 
residence time of PCBs in Lake Superior is a few 
years at most, and implies an efficient removal 
process. A dynamic mass balance model using a 
new PCB input function driven by atmospheric 
concentrations and considerations of air-water and 
sediment-water interactions adequately predicts 
observed water column concentrations. The Lake 
Superior ecosystem presently contains approxi- 
mately 20,000 kg of PCBs about evenly divided 
between the sediment and water column reser- 
voirs. (See also W89-02155) (Author’s abstract) 
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This chapter, which is an editorial inclusion to the 
volume, is comprised of graphics, with no written 
text. It was an editorial decision to include this 
limited information in the publication since the 
data represent a valuable reference. Tables and 
figures present: (1) the sampling plan for Lake 
Maggiore and catchment area; (2) sampling periods 
for Lake Maggiore and catchment area; (3) heavy 
metal forms, sources and outputs for Lake Maggio- 
re and catchment area; (4) variations of heavy 
metal concentrations in net plankton and fish spe- 
cies (Lake Maggiore); (5) mercury and cadmium 
distributions in Lake Maggiore sediments; (6) com- 
parison of heavy metal concentration ranges in 
Lake Maggiore and 330 European lakes; (7) an- 
thropogenic and geochemical origin of heavy 
metals for Lake Maggiore; and (8) mercury and 
cadmium content in the major ecological compart- 
ments. (See also W89-02155) (Lantz-PTT) 
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Discovery of high mercury levels in fish during 
1970 brought an awareness of toxic substances 
contamination in Lake Ontario. Sampling pro- 
grams evolving from this initial finding resulted in 
the detection of high levels of PCBs and Mirex in 
1976 and a definition of DDT and associated or- 
ganochlorine pesticide distributions in the lake. 
Further amplification of the early findings, particu- 
larly between 1978 and present, has concentrated 
on refinement of analytical techniques, trend as- 
sessment, and analysis of contaminants throughout 
the aquatic ecosystem. This paper reviews the 
major contaminant issues of the lake and concen- 
trates on defining major sources, loadings, and 
physical and ecological fate of Hg, Pb, Zn, Cu, 
PCBs and Mirex in the lake. In all cases the 
Niagara River is proven to be the major source 
with lake distribution responding to hydrodynamic 
processes. Each contaminant appears to be primari- 
ly associated with sediment and, other than PCBs, 
are accounted for in annual mass balances. Losses 
for PCBs are believed to be due to bioaccumula- 
tion and volatilization to the atmosphere. Concen- 
trations of PCBs and Mirex in fish decreased be- 
tween 1977 and 1981, but increased between 1981 
and 1983-84 suggesting a reactivation of sources in 
the Niagara River. These sources are believed to 
be waste disposal sites adjacent to the river. This 
case study provides an important lesson on the 
susceptibility and consequences of toxic contami- 
nation to other large lakes of the world, and the 
critical need for source control on toxic substances 
and changeover to non-toxic processes, products 
and by-products. (See also W89-02155) (Author’s 
abstract) 
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The nature and magnitude of the pollution hazards 
arising from farming vary enormously, reflecting 
both the differences in agricultural practice and the 
characteristics of the local environment. Some of 
the principal forms of pollution include soil erosion 
by water and wind, salinization arising from irriga- 
tion, increased silt load caused by land drainage, 
pollution of surface and groundwaters by inorganic 
fertilizers and livestock wastes, contamination of 
soils with heavy metals, multi-media pollution by 
pesticides and a number of other problems, such as 
water pollution from silage effluent and discarded 
pesticide containers. In most OECD countries, ag- 
riculture is responsible for a significant proportion 
of the nitrogen and phosphorus entering fresh 
waters is a major target for those concerned in the 
reduction of nonpoint sources of pollution. In the 
past, agriculture has escaped many of the regula- 
tory pressures applied to industry and the control 


of nonpoint sources of pollution remains a relative- 
ly difficult challenge, although it may often be cost 
effective. In future, it seems likely that agriculture 
will be more susceptible to the dictates of the 
‘Polluter Pays’ principle. Relatively restrictive leg- 
islation is now being introduced in some European 
countries where groundwater pollution has 
become a major concern. (See also W89-02176) 
(Lantz-PTT) 
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During the past six years, studies in Iowa have 
generated considerable interest and concern with 
the occurrence and increasing concentrations of 
nitrate (NO3) in drinking-water supplies, particu- 
larly from groundwater. These studies have shown 
that nitrates and some pesticides are leaching 
through the soil into shallow groundwater and are 
now found in many of lIowa’s groundwater 
aquifers. In many areas, these groundwater, which 
supply drinking water to both cities and private 
individuals, now commonly exhibit nitrate concen- 
trations above the maximum contaminant limit 
(MCL) of public drinking water of 10 mg/L ni- 
trate as nitrogen (45 mg/L as NO3). Trace 
amounts of many widely used pesticides have also 
been found in these aquifers in association with 
elevated nitrate concentrations. Well construction 
and poor waste disposal practices contribute to 
individual well problems, and spiils and misuse of 
chemicals have caused more severe problems lo- 
cally. However, the regional contamination of 
aquifers is the result of conventional usage of agri- 
cultural chemicals and constitutes a nonpoint 
source pollution problem. There are legitimate 
concerns for public health, over the long term, if 
these water quality problems continue or increase. 
While septic tanks, chemical spills, and poor well 
construction cause local problems, they are no 
longer a significant factor. Nitrate probiems have 
become regional in scope, resulting from the wide- 
spread application of fertilizer. Grain production 
only accounts for about 50% of the nitrogen that 
can be managed. The intent of the on-going efforts 
in Iowa is to find the most effective ways to 
channel the fertilizer-N into grain production and 
minimize losses into water. This could also result 
in ways to use current amounts of fertilizer-N and 
improve yields. (See also W89-02196) (Lantz-PTT) 
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Use of fertilizer nitrogen has markedly increased 
over the past three decades and must be recog- 
nized as a major factor contributing to the abun- 
dance of food and fiber currently enjoyed by de- 
veloped nations. The possibility that some portion 
of the fertilizer nitrogen applied to soils may leach 
into groundwater supplies has been recognized for 
as long as fertilizers have been used. However, 
concern about the importance of this problem is 
increasing. This chapter provides an overview of 
what is, and is not, known about processes that 
influence the amounts of nitrogen that escape from 
agricultural soils to groundwater. This objective is 
approached by: (i) briefly reviewing what happens 
to fertilizer nitrogen in soils; (ii) describing some of 
the difficulties associated with determination of the 
quantities of nitrogen lost from agricultural soils to 
groundwater; and (iii) summarizing results from 
some relevant studies in progress at Iowa State 
University, which indicate that nitrate moves 
through many Iowa soils by mechanisms that have 
not been recognized. The major difference is in the 
importance of preferential flow of water and ni- 
trate though macropores (old root channels, worm 
holes, cracks, etc.) in the soil. The macropores act 
as ‘super highways’ that permit water and nitrate 
to bypass most of the soil within the rooting zone 
and move rapidly out of this zone. (See also W89- 
02196) (Lantz-PTT) 
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The earliest use of chemigation was for the appli- 
cation of fertilizer, primarily nitrogen, with the 
irrigation water to increase nitrogen-use efficiency. 
More recently, there has been increasing interest in 
and use of chemigation to apply herbicides, insecti- 
cides, fungicides and nematodes. Applying chemi- 
cals with an irrigation system usually accomplishes 
the intended application; however, water applica- 
tion rate and uniformity may not be compatible 
with time of application for maximum pesticide 
efficacy or fertilizer utilization. Unique to chemi- 
gation is the possibility of groundwater contamina- 
tion due to accidental backflow or siphoning of 
chemicals down the well which is a form of point 
source pollution. The other type of groundwater 
contamination that can result from any method of 
chemical application (including chemigation) is the 
nonpoint leaching of chemicals through the soil 
and into the aquifer. Each mode of contamination 
can cause serious problems, but the processes in- 
volved are unique as are the remedial actions re- 
quired after contamination. (See also W89-02196) 
(Lantz-PTT) 
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Farm 


The health threat to humans and livestock from 
ingestion of water contaminated with animal waste 
should not be taken lightly. Nitrogen and bacterial 
organisms are the main constituents for which 
there should be concern. The potential for cancer 
in humans and in livestock from nitrates in water is 
an epidemiological area that needs study. Howev- 
er, case studies conducted in Delaware, Iowa, 
Pennsylvania, and California indicate that commer- 
cial fertilizers contribute more nitrogen to ground- 
water than does animal waste. But, this does not 
reduce the importance of proper management of 
manure nitrogen. Certain segments of animal waste 
management systems are responsible for most of 
the contribution of contaminants to groundwater. 
These are areas of high animal concentrations such 
as barnyards, locations of manure storage ponds 
and treatment lagoons, and sites of manure applica- 
tions on agricultural land. Each separately, or in 
combination, can be responsible. (See also W89- 
02196) (Lantz-PTT) 

W89-02203 


GROUNDWATER CONTAMINATION FROM 
LANDFILLS, UNDERGROUND STORAGE 
TANKS, AND SEPTIC SYSTEMS, 

Michigan Dept. of Natural Resources, Lansing. 
Groundwater Quality Div. 

G. Klepper, G. Carpenter, and D. Gruben. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 147- 
159, 5 fig, 5 tab, 6 ref. 


Descriptors: *Groundwater pollution, *Landfills, 
*Septic tanks, *Underground storage, *Michigan, 
Rural areas, Urban areas, Potable water, Water 
supply, Regulations, State jurisdiction, Federal ju- 
risdiction, Drinking water. 


Numerous contamination sites have been discov- 
ered in Michigan. Many of these have resulted in 
groundwater contamination, and a significant pro- 
portion have been found to result from landfills 
and underground storage tanks. More groundwater 
contamination incidents have occurred in rural 
areas rather than in urban areas. Rural areas appear 
to be at greater risk due to dependence on ground- 
water for potable water supplies and the tendency 
for ge wells to be completed at shallower 
depths than municipal supply systems. Although 
larger in population, urban areas appear to be at 
less risk from contaminated groundwater. Current 
state and federal regulations and improved public 
and business awareness should help reduce the 
number of contamination sites in the future. Re- 
sponsible party, State and Federal responses to 
known contamination incidents and prevention of 
future groundwater contamination are critical to 
protecting the nearly one-half of Michigan’s popu- 
lation which depends on groundwater for its pota- 
ble water. (See also W89-02196) (Lantz-PTT) 
W89-02205 


SOFTWARE FOR TEACHING PRINCIPLES OF 
CHEMICAL MOVEMENT IN SOIL, 

Florida Univ., Gainesville. Dept. of Soil Science. 
A. G. Hornsby. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 193- 
200, 3 fig, 1 tab, 4 ref. 


Descriptors: *Path of pollutants, *Education, *Soil 
properties, *Groundwater movement, *Computer 
programs, Solute transport, Agricultural chemi- 
cals, CMIS, Chemical properties, Pesticides, Eva- 
potranspiration, Precipitation, Root zone. 


Farmers, county extension agents, state and federal 
action agency personnel, and the general public 
need to understand the behavior of chemicals in 
order to be responsible stewards of resources. To 
gain such an understanding, simple, uncomplicated 
methods are needed to provide insight into the 
processes which control movement of chemicals 
and to permit rational management decisions of 
pesticides use. A software package has been de- 
signed which can be used to understand the behav- 
ior of pesticides in soil better. Chemical Movement 
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In Soil (CMIS) is a software package written to 
illustrate the influence of soil properties, chemical 
properties, plant rooting depth, precipitation, and 
evapotranspiration upon the movement and persist- 
ence of surface applied chemicals (pesticides) in 
well drained soils. This software is meant to serve 
as a teaching tool rather than a management tool 
since several assumptions were made to simplify 
the model and reduce data input requirements. The 
computational procedure assumes uniform soil 
properties and piston flow of water. (See also W89- 
02196) (Lantz-PTT) 

W89-02208 


FEASABILITY STUDY ON THE RETROSPEC- 
TIVE EVALUATION OF ANOMALOUS LOCAL 
TRITIUM FALLOUT BY THE ANALYSIS OF 
TREE RINGS FROM SELECTED DISTRICTS 
IN AUSTRIA AND HUNGARY, 

Bundesversuchs- und Forschungsanstalt Arsenal, 
Vienna (Austria). 

D. Rank. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-702277. 
Price codes: A03 in paper copy, AO! in microfiche. 
Final Report for the Period: 1 June 1983 - 31 May 
1986. Report No. IAEA-R-3452-F, January 1987. 
34p, 6 fig, 8 tab, 23 ref. 


Descriptors: *Dendrochronology, *Tritium, *Tree 
rings, *Path of pollutants, Hungary, Austria, Pre- 
cipitation, Radioactive wastes, Radioisotopes, 
Water pollution sources. 


A method for determining C-H found tritium (3-H) 
in the cellulose of tree rings was developed a few 
years ago in the Institute of Isotopes, Hungary. 
From the experience gained and from results thus 
far in hand, one can conclude that the tritium 
abundance recorded in tree rings is well related to 
the yearly average of tritium in precipitation and, 
in addition, indicates the superimposed contamina- 
tion on a local scale. Since only limited informa- 
tion is available about considerable local 3-H con- 
tamination being measured, mostly around nuclear 
installations but sometimes far away from them, 
there is much room for speculation about the 
origin of the contamination. A sharp temporal rise 
in the 3-H level of precipitation was observed in a 
well-defined region of the Eastern Alps, Austria in 
May and June, 1984. Tritium concentration in the 
precipitation at the centre of the affected region 
reached a level of about 10 times higher than in 
other areas —— Europe at the same time. 
This peak was also unusual compared with the 
results of other years before or after 1984. The 
objectives of the ge eaginl og was to study the 
feasibility of tree ring ysis for short-term 3-H 
contamination. (Lantz-PTT) 

W89-02263 


SIMULATIONS OF WATER AND SOLUTE 
MOVEMENT IN THE BURIED WASTE RE- 
POSITORY AT VAALPUTS, 

Natal Univ., Pietermaritzburg (South Africa). 
Dept. of Soil Science and Agrometeorology. 

J. L. Hutson. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-702239. 
Price codes: A02 in paper copy, AO1 in microfiche. 
Report No. TRN:ZA8700123, January 1987. 16p, 4 
fig, 4 tab, 8 ref. 


Descriptors: *Underground waste disposal, *Ra- 
dioactive waste disposal, *South Africa, *Path of 
pollutants, *Solute transport, *Vaalputs, Simula- 
tion analysis, Groundwater movement, Cesium, 
Model studies, Water level fluctuations, Computer 
models. 


A series of simulations examined the movement of 
water through trench cap configurations of several 
types. The objective of this series is: (1) to extend 
the simulations from the surface to the bottom of 
the repository, accounting for the placement of 
drums; (2) to examine the magnitude and direction 
of water fluxes throughout this depth; and (3) to 
simulate the movement of solutes, using various 
assumptions regarding solute adsorption. Two 
models were used. The first was an adaptation of a 
solute transport model which incorporates the 
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transient water flow model used in previous simu- 
lations. This was used primarily to estimate the 
likely water fluxes in the drum placement region. 
Since it requires large amounts of computer time 
this model was used to simulate periods of one or 
two years only. The second model was a very 
simple steady state solute transport model which 
was used to simulate Cs distribution after a 100 
year periods, using flux data obtained from the 
transient model simulations. ‘Worst case’ situations 
were simulated. Some of these situations are un- 
likely in reality but provide a useful indication of 
the rates of movement of solute under various 
conditions. The most importance conclusion 
reached from this series of simulations is that the 
movement of Cs in the soil under the likely water 
regime is extremely slow. (Lantz-PTT) 

W89-02264 


5C. Effects Of Pollution 


SEASONAL AND SPATIAL DISTRIBUTION 
OF IRON PRECIPITATING HETEROTROPHS 
IN WATER AND SEDIMENTS OF FISH 
PONDS OF DIFFERING FARMING MANAGE- 
MENTS, 

Kalyani Univ. (India). Dept. of Zoology. 

For primary bibliographic entry see Field 2H. 
W89-01271 


EFFECTS OF OIL REFINERY EFFLUENTS ON 
SELENASTRUM CAPRICORNUTUM PRINTZ, 
Udai Pratap Coll., Varanasi (India).Dept. of 
Botany. 

J. P. Gaur, and H. D. Kumar. 

Internationale Revue der Gesamten Hydrobiologie 
+ ag per Vol. 71, No. 2, p 271-281, 1986. 7 fig, 3 
tab, 14 ref. 


Descriptors: *Oil wastes, *Oil refineries, *Algal 
growth, *Toxicity, *Bioassay, Phenols, Water 
quality, Effluents, Industrial wastes, Industrial 
wastewater, Wastewater disposal. 


Laboratory-based bioassay experiments using Se- 
lenastrum capricornutum as the test organism were 
conducted to evaluate the potential of refinery 
effluents to sustain algal growth. The raw effluents 
were remarkably toxic to the test alga, but satisfac- 
tory algal growth occurred in (diluted) 0.01% ef- 
fluents. The effluents from subsequent treatment 
stages required much less dilution to eliminate the 
toxicity. A highly significant negative correlation 
was found between the final yield of the test alga 
and the concentration of oil or phenol in the cul- 
ture suspension. On the basis of these findings it is 
recommended that proper dilution of refinery ef- 
fluents is necessary before they are discharged into 
any body of water. (Author’s abstract) 

W89-01272 


STRUCTURE OF PERIPHYTIC COMMUNI- 
COOLING POND OF NUCLEAR 


gii. 
For primary bibliographic entry see Field 2H. 
W89-01273 


EFFECTS OF EXPERIMENTAL ACIDIFICA- 
TION ON PHYTO-, BACTERIO- AND ZOO- 
PLANKTON IN ENCLOSURES OF A HIGHLY 
HUMIC LAKE, 

Helsinki Univ., Lammi (Finland). Lammi Biologi- 
cal Station. 

L. Arvola, K. Salonen, I. Bergstrom, A. Heinanen, 
and A. Ojala. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 6, p 737-758, 1986. 16 fig, 5 
tab, 52 ref. 


Descriptors: *Lakes, *Humic lakes, *Phytoplank- 
ton, *Zooplankton, *Bacteria, *Acid rain effects, 
*Acidic water, Acidification, Chlorophyll a, Pri- 
mary productivity, Respiration, Acid rain, Enclo- 
sures, Hydrogen ion concentration. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 
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In situ enclosure experiments were performed in a 
highly humic lake to examine the effects of acidifi- 
cation on phyto-, bacterio- and zooplankton. The 
acidity of three enclosures was adjusted with 
H2S04 to pH 3.5, 4 and 5 and one enclosure and 
the lake served as controls. The diversity of plank- 
ton as well as the mean concentration of chloro- 
phyll a, primary production and respiration of 
plankton decreased with increasing acidity. Bacte- 
rial density was slightly lower in the pH 3.5 enclo- 
sure than in the other enclosures and in the lake, 
but there were no differences in the morphological 
type or mean volume of the cells between different 
treatments. In the acidified enclosures Crypto- 
monas ovata and Chlamydomonas spp. were the 
dominant phytoplankters, while Dinobryon and 
Mallomonas species seemed to be the most sensi- 
tive to acidity. Keratella cochlearis, Kellicottia 
longispina and Bosmina longispina were the most 
tolerant zooplankton to acidity. (Author's abstract) 
W89-01279 


PHYTOPLANKTON BLOOM IN SHALLOW 
DIVOR RESERVOIR (PORTUGAL): THE IM- 
PORTANCE OF INTERNAL NUTRIENT 
LOADING, 

Instituto Nacional de Investigacao des Pescas, 
Lisbon (Portugal). 

G. Cabecadas, M. J. Brogueira, and J. Windolf. 
Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 6, p 795-806, 1986. 10 fig, 2 
tab, 19 ref. 


Descriptors: *Portugal, *Divor reservoirs, *Inter- 
nal loading, *Phytoplankton, *Eutrophication, 
*Phosphates, Sediments, Turbidity, Iron, Nutri- 
ents, Suspended matter, Chlorophyll a. 


The development of a heavy phytoplankton bloom 
(chlorophyll a=360 mg/cu m), which occurred in 
the summer 1983 in the shallow Divor Reservoir is 
described. The study shows that remobilization of 
phosphate from the sediment initiated the phyto- 
plankton bloom. This was confirmed not only by 
calculations of the change in iron-phosphate pool, 
but also supported by sorption experiments carried 
out with the sediment. Turbidity of the water due 
to suspended matter caused the reduction in stand- 
ing stock of phytoplankton to approximately 50 mg 
chlorophyll a/cu m in late summer. (Author's ab- 
stract) 

W89-01282 


GILL, LIVER, AND KIDNEY LESIONS ASSO- 
CIATED WITH EXPERIMENTAL EXPOSURES 
TO CARBARYL AND DIMETHOATE IN THE 
FISH (PUNTIUS CONCHONIUS HAM.), 

Kumaun Univ., Naini Tal (India). Dept. of Zoolo- 


gy- 

T. S. Gill, J. C. Pant, and J. Pant. 

Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 1, p 71-78, July 
1988. 18 fig, 16 ref. 


Descriptors: *Pesticides, *Water pollution effects, 
*Insecticides, *Pathology, ‘*Pesticide toxicity, 
*Fish, *Carbaryl, Dimethoate, Kidneys, Gills, 
Liver, Animal tissues. 


Carbaryl is a broad-spectrum insecticide used ex- 
tensively in agriculture for foliar pests and for 
control of ectoparasites on livestock and pets; di- 
methoate has been recognized as an effective sys- 
temic and/or contact insecticide against a wide 
range of insects and mites. This report describes 
the cytopathology of branchial, hepatic and renal 
lesions in a common freshwater fish, Puntius con- 
chonius, chronically exposed to these pesticides. 
With both, the pathological effects were most pro- 
nounced in the tubular epithelial cells which in- 
cluded hypertrophy, vacuolization, nuclear pycno- 
sis, and disruption of the absorptive surface. In 
isolated cases, swollen Bowman’s spaces and col- 
lapsed glomeruli were also encountered. The ob- 
served disorganization of tubular epithelial cells 
and glomeruli could be due to the damage to the 
cell’s permeability barrier resulting in leakage of 
metabolites together with vital enzymes and coen- 
zymes. Possibly, these events render the cells non- 
viable and autolysis manifests itself. Presently, 
however, a direct nephrotoxic action of the pesti- 


cides tested is difficult to demonstrate in this spe- 
cies. Perhaps the pesticide-induced damage to the 
gills overburdens the kidneys with the task of 
water and electrolyte homeostasis. (Sans-PTT) 
W89-01298 


HEAVY METAL EFFECTS ON CELLULAR 
SHAPE CHANGES, CLEAVAGE, AND LARVAL 
DEVELOPMENT OF THE MARINE GASTRO- 
POD MOLLUSK (ILYANASSA OBSOLETA 
SAY), 

Mount Desert Island Biological Lab., Salsbury 
Cove, ME. 

G. W. Conrad. 

Bulletin of Environmental Contamination and 
Toxicology BECTAG6, Vol. 41, No. 1, p 79-85, July 
1988. 1 fig, 1 tab, 12 ref. Marine and Freshwater 
Biomedical Sciences Specialized Center of Re- 
search Grant EHS 1 P30 ESO3828, NIH HDO7193 
and NASA NAGW-1197. 


Descriptors: *Water pollution effects, *Heavy 
metals, *Toxicity, *Gastropods, *Ilyanassa, *Em- 
bryonic development, *Pollutants, Embryonic 
growth stage, Larval growth stage, Mercury, 
Copper, Zinc, Cadmium, Lead, Chromium, Silver. 


Polar-lobe formation, associated with microfila- 
ments, is seen in the fertilized eggs of many marine 
mollusks. This study investigated the effects of Ag, 
Hg, Cu, Zn, Cd, Pb, and Cr on the embryonic 
development of the marine snail Ilyanassa obsoleta. 
The results suggest that several heavy metals affect 
the microfilament-dependent developmental _ 
Cu may induce the early appearance of a microfila- 
ment band and induce its precocious constriction. 
Ag may cause the microfilament band of late Phase 
II polar lobe necks to remain organized and con- 
stricting, rather than depolymerizing, thereby 
cleaving the neck. Cr may cause the microfilament 
band of late Phase II polar lobe necks to become 
stabilized in structure and stop constricting. Micro- 
tubule involvement is not suggested in the effects 
of Cu, Ag, and Cr on these early cellular shape 
changes. (Sand-PTT) 

W89-01299 


EFFECT OF PETROLEUM AROMATIC HYy- 
DROCARBONS ON MONOGENEIDS PARASI- 
TIZING ATLANTIC COD, GADUS MORHUA 


L, 

Memorial Univ. of Newfoundland, St. John’s. 
Dept. of Biology. 

R. A. Khan, and J. W. Kiceniuk. 

Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 1, p 94-100, 
July 1988. 4 fig, 16 ref. 


Descriptors: *Water pollution effects, *Oil pollu- 
tion, *Toxicity, *Hydrocarbons, *Fish parasites, 
*Cod, Pollutants, Trematobes, Platyhelminthes. 


This study investigated whether a relationship 
exists between gill lesions and gill parasites in cod 
following chronic exposure to petroleum hydro- 
carbons. Fish were exposed 10-14 weeks to 3 hy- 
drocarbon concentrations (30, 80 and 500 ppb). 
Two groups were held for an additional tf 20 
weeks following exposure. The severity of gill 
lesions was correlated with the level of hydrocar- 
bon concentrations. These lesions included epithe- 
lial hyperplasia, capillary dilation and lamellae 
fusion. Excessive numbers of mucus-secreting cells 
were also observed in all treated fish. The preva- 
lence and intensity of monogenean parasites were 
greater in cod following chronic exposure (12-13 
weeks) to low concentrations of eichen 
only after they were retained for an additional 16- 
20 weeks. Since there was no difference between 
oil-treated and control fish immediately following 
the exposure period, additional infestation presum- 
ably occurred during the period of depuration. The 
toxic components in the water-soluble oil fraction 
which induced branchial irritation resulting in 
epithelial and mucus-cell hyperplasia probably pro- 
vided a habitat conducive for parasitic infestation 
and reproduction. (Sand-PTT) 

W89-01300 


EUTROPHICATION OF THE COASTAL 
WATERS OF THE NORTH ADRIATIC SEA: 


NATIONAL AND REGIONAL INTERVENTION 
PROGRAMS, 

Emilia-Romagna Regional Authorities, Bologna 
(Italy). 

G. Nespoli. 

Annals of the New York Academy of Sciences 
ANYAAS, Vol. 534, p 946-949, 1988. 


Descriptors: *Adriatic Sea, *Italy, *Water pollu- 
tion control, *Eutrophication, *Coastal waters, 
*Wastewater treatment, *Environmental protec- 
tion, Phosphorus, Irrigation water, Wastewater 
reclamation, Legislation, Water treatment. 


During the 1970's, eutrophication became a prob- 
lem in many coastal areas of Italy, particularly 
along the Emilia-Romagna coast. An international 
meeting in 1977 became the basis for a comprehen- 
sive structured multidisciplinary research program 
aimed at setting down how eutrophication could 
be contained and reduced. Attention was focused 
on phosphorus, not because it is the sole cause of 
eutrophication, but because measures to curb phos- 
age input are both technically and economical- 
y feasible. The Emilia-Romagna Regional Plan 
provides for measures to curb the largest phospho- 
rus sources. The aim is to reduce the trophic load 
discharged by the Po and other rivers into the 
region so as to achieve at least mesotrophic condi- 
tions off the Adriatic coast. The Region is in the 
final stages of plans for urban waste treatment 
plants, with the priority being a network of coastal 
treatment plants where nutrient abatement is to be 
achieved by recycling waste water to irrigation. In 
order to control animal waste, a set of norms was 
issued to govern both the discharge of liquid waste 
into water courses as well as its use on agricultural 
land as fertilizer. New laws have been established 
which control the maximum phosphorus content in 
household detergents and washing powders. To 
ensure that these norms are observed, the Region 
has started a watchdog campaign involving health 
officers and people working in other sectors such 
as fisheries, hunting, water management and volun- 
tary workers. (Sand-PTT) 

W89-01304 


EUTROPHICATION OF INLAND AND COAST- 
AL WATERS IN ITALY, 

Istituto di Ricerca sulle Acque, Milan {italy). Re- 
parto Sperimentale di Idrobiologia Applicata. 

R. Marchetti, A. Provini, and G. F. Gaggino. 
Annals of the New York Academy of Sciences 
— Vol. 534, p 950-958, 1988. 4 fig, 3 tab, 

ref. 


Descriptors: *Eutrophication, *Coastal waters, 
*Lakes, *Eutrophic lakes, *Water pollution con- 
trol, Italy, *Wastewater treatment, Phosphorus re- 
moval, Nitrogen removal, Adriatic Sea. 


In Italy, the problem of water eutrophication con- 
cerns the whole national territory, including both 
lake and coastal waters. The existence of a period 
during the year when the role of nitrogen is pre- 
vailing raises doubts about the strategy, pursued 
for a long time, with the aim of phosphorus load- 
ing reduction. In such a period a reduction of 
nitrogen loading would also be needed. However, 
interventions concerning nitrogen removal involve 
a series of difficulties: (1) Sewage treatment for 
nitrogen removal is performed in anaerobic plants 
needing substantial modifications of the existing 
structures and, ultimately, a further delay in recov- 
ery policies. Phosphorus removal does not entail 
this sort of problem; (2) The management of a 
wey se removal plant is much more difficult than 
that for phosphorus, due to the greater complexity 
of the biological processes involved in nitrogen 
removal compared to the chemical processes of 
phosphorus removal; (3) The cost for nitrogen 
removal is much higher than for phosphorus re- 
moval, because of the additional investments 
needed for the construction of treatment plants; (4) 
There is much greater uncertainty about the results 
on nitrogen as compared with phosphorus remov- 
al, due to its prevailing non-point origin. With 
these difficulties in mind, strategies concerning the 
control and reduction of phosphorus and nitrogen 
loading are discussed. (Sand-PTT) 

W89-01305 





EUTROPHICATION IN THE EMILIA-RO- 
MAGNA COASTAL WATERS IN 1984-1985, 
Emilia-Romagna Regional Authorities, Bologna 
(Italy). 

A. Rinaldi, and G. Montanari. 

Annals of the New York Academy of Sciences 
ANYAAS, Vol. 534, p 959-977, 1988. 29 fig, 1 tab. 


Descriptors: *Eutrophication, *Coastal waters, 
* Adriatic Sea, *Italy, Water pollution sources, Nu- 
trients. 


Eutrophication conditions in the northwest Adriat- 
ic Sea are conditioned primarily by material deliv- 
ered by rivers (the Po and other coastal rivers). 
The summer/autumn blooms do the most harm 
since they can generate, apart from organoleptic 
alterations in the water, conditions of oxygen defi- 
ciency in the bottom water with resulting die-offs 
of benthonic organisms. In 1984 an exceptional 
bloom of the dinoflagellate Gymnodinium oc- 
curred, involving vast zones with notable levels of 
temperature and salinity. 1985 was also exceptional 
in that the summer season was not affected by 
eutrophication conditions which had involved the 
Emilia-Romagna coast for about a decade. This 
situation can be attributed to the lack of rain and 
the resulting reduction in the amount of river 
water from the Po and other local rivers. This 
situation confirms the determining role of the flow 
of river water to the sea, and underlines a number 
of other important aspects that should not be ig- 
nored. One of these is tied to the role of sediment, 
which does not seem capable of making a sufficient 
contribution to the process of triggering and nour- 
ishing algal bloom. Another aspect is tied to the 
material emptied into the sea along the coast, not 
in the sense of hydrographic basins for the various 
rivers, but rather from the viewpoint of the civilian 
installations along the coast. It would appear that 
these, despite the population growth during the 
summer months, are not capable of causing signifi- 
cant eutrophication conditions in coastal waters. 
This would support the hypothesis that no mean- 
ingful responsibility for the cause of eutrophication 
can be attributed to the discharge from water 
treatment facilities. (Sand-PTT) 

W89-01306 


EFFECTS OF CHEMICAL POLLUTANTS AND 
PHYTOPLANKTON BLOOMS ON THE 
MARINE BIOLOGICAL RESOURCES OF THE 
ADRIATIC SEA, 

Bologna Univ. (Italy). Ist. di Biochimica. 

R. Viviani. 


Annals of the New York Academy of Sciences 
ANYAAS, Vol. 534, p 986-999, 1988. 7 fig, 2 tab, 
53 ref. 


Descriptors: *Italy, *Coastal waters, *Water pollu- 
tion effects, *Eutrophication, *Adriatic Sea, 
*Heavy metals, Polychlorinated biphenyls, Chlor- 
inated hydrocarbons, Fish, Shellfish, Fate of pol- 
lutants, Mercury, Lead, Cadmium, BHC, DDT, 
Halogenated pesticides, Insecticides, Diatoms, 
Dinoflagellates, Bioaccumulation, Detoxification, 
Pollutants, Toxicity, Phytoplankton. 


Studies are ile Po concerning the content of 


toxic metals ( Pb, Cd) and chlorinated hydro- 
carbons (BHC, *DDT, polychlorinated biphenyls) 
in shellfish and fish of the North and Middle 
Adriatic Sea, their concentration in the different 
trophic chains, the detoxication mechanism in 
marine animals, and the evaluation of residues of 
pollutants in fish products consumed by humans. 
As far as the phytoplankton bloom in the coastal 
area facing Emilia-Romagna is concerned, the 
types of diatoms and dinoflagellates and the special 
identification of potentially toxic dinoflagellate 
species were identified. Effects of anoxia resulting 
from the blooms on marine organisms were studied 
and methods to determine possible biotoxins pro- 
duced by dinoflagellates likely to have effects on 
marine organisms and on man were investigated. 
(Author’s abstract) 

W89-01307 





PHYSICO-CHEMICAL, BACTERIOLOGICAL, 
AND BIOLOGICAL STUDY OF THE GENE- 
VAN ALLONDON RIVER BASIN (ETUDE 
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PHYSICO-CHIMIQUE, BACTERIOLOGIQUE 
ET BIOLOGIQUE DE L’ALLONDON GENE- 
VOISE), 

Institut d’Hygiene, Geneva (Switzerland). 

M. Dethier, R. Revaclier, and A. Wisard. 

Archives des Sciences, Geneve ASGVAH, Vol. 
38, No. 2, p 109-129, May-August 1985. 3 fig, 6 tab, 
9 ref. English summary. 


Descriptors: *Switzerland, *Stream bioata, *Water 
pollution effects, *Water pollution sources, 
*Rivers, *Bacterial analysis, *Water quality, Phys- 
icochemical properties, Allondon River, Fauna. 


The Swiss part of the Allondon river basin is a 
relatively small portion of the entire drainage-basin 
of the river but represents one of the most interest- 
ing natural sites of the canton of Geneva. The 
physico-chemical, bacteriological and biological 
analysis clearly show that the condition of the 
river is going bad. Some small tributaries are still 
in good condition and could be reservoirs of fauna 
for the main river if they are rapidly protected. 
(Author’s abstract) 

W89-01314 


ORIGIN AND INFLUENCE OF COAL MINE 
DRAINAGE ON STREAMS OF THE UNITED 
STATES, 

Geological Survey, Richmond, VA. 

For primary bibliographic entry see Field 5B. 
W89-01315 


DISSOLVED OXYGEN DYNAMICS IN THE 
MID-PASSAIC RIVER: LATE SUMMER/ 
EARLY FALL 1983-4 FIELD STUDIES, 

Cook Coll., New Brunswick, NJ. Dept. of Envi- 
ronmental Science. 

C. G. Uchrin, W. K. Ahlert, A. P. Cryan, J. V. 
Giga, and S. F. Hsueh. 

Journal of Environmental Science and Health (A) 
op Vol. 23, No. 6, p 525-542, 1988. 14 fig, 2 
tab, 6 ref. 
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Field studies were conducted on the Passaic River 
in northeast New Jersey. Factors investigated in- 
cluded diurnal dissolved oxygen, photosynthesis 
and respiration, and chlorophyll a. A correlation 
was developed for diurnal dissolved oxygen varia- 
tion as a function of chlorophyll a concentration. 
Both chlorophyll a and dissolved oxygen varied as 
a sinusoidal function of time with maxims and 
minima occurring at roughly the same times. (Au- 
thor’s abstract) 
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CHALLENGE OF ACID RAIN, 

State Univ. of New York at Albany. Atmospheric 
Sciences Research Center. 

V. A. Mohnen. 

Scientific American SCAMAC, Vol. 259, No. 2, p 
30-38, August 1988. 
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The alarm over the increasing acidity of precipita- 
tion in Europe and eastern North America was 
first sounded in the 1960's. Since then the most 
attention has been focused on acid rain’s effects, 
established and suspected, on lakes and streams, 
with their populations of aquatic life, and on for- 
ests, although the list of concerns is far broader. 
The study of the effects, chemistry, and control of 
acid rain has grown into a major scientific enter- 
prise in the past twenty years. Sulfur dioxides 
(SO2) and oxides on nitrogen emitted into the 
atmosphere are chemically converted into forms 
that are readily incorporated into cloud droplets: 
sulfuric and nitric acids. The acid rain may fall 
hundreds of miles from the pollution source. 


Effects Of Pollution—Group 5C 


Wherever it lands, it undergoes a new round of 
physical and chemical alterations, which can 
reduce the acidity and change the chemical char- 
acteristics of the water that eventually reaches 
lakes and streams. Certain scientists have speculat- 
ed that to protect lakes and streams in sensitive 
areas such as the Adirondacks, it will be necessary 
to reduce acid deposition to less than 50 percent of 
its current level. Guidance for determining where 
and by how much emissions will have to be re- 
duced will come from two massive computer 
models of acid production, transport and di i 
tion that are now being tested. Ultimately, the 
greatest emission reductions promise to be from 
the repowering of aging plants using clean-buring 
technology (e.g., fluidized-bed combusion, gasifica- 
tion/combined cycle). This would affect the full 
range of pollutants implicated in acid rain. The 
strategy could cut sulfur dioxide emissions by more 
than 80 percent and nitrogen oxide emissions by 
more than 50 percent. (Vernooy-PTT) 
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TRICHLOROETHYLENE: WATER CONTAMI- 
NATION AND HEALTH RISK ASSESSMENT, 
California Dept. of Health Services, Berkeley. 
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Large scale application of pesticides to agricultural 
and forest areas may contribute to the presence of 
these toxic substances in the environment. Among 
these different kinds, that of or; hliorines re- 
quire special attention because of the high stability 
os toxicity these compounds display with regard 
to aquatic flora and fauna. Toxicity of these com- 
pounds to aquatic organisms is a hundred times 
greater than that of organophosphorus compounds. 
The present study was undertaken to determine the 
effect of an organochlorine insecticide, Endosulfan 
(6,7,8,9, 10, 10-hexachloro-1,5,5a,6,9,9a-hexahydre- 
6,9-methano-2,4,3-benzo dioxathiepin-3-oxide) on 
the activity of adenosine triphosphatase (ATPase) 
in liver, kidney and muscles of a freshwater teleost, 
Channa gachua. The inhibition of ATPase activity 
was in the order of liver > muscles > kidney. 
Maximum inhibition of ATPase was observed in 
liver Na(+), K(+) ATPase at 0.0056 and 0.0037 
mg/L concentration after 15 and 30 days exposure, 
respectively. Na(+), K(+) ATPase shows higher 
sensitivity to Endosulfan than Ma( ++) ATPase in 
the present study. (VerNooy- 
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IN VITRO EFFECT OF MERCURY AND CAD- 
MIUM ON BRAIN CA(++)-ATPASE OF THE 
CATFISH ICTALURUS PUNCTATUS, 
Mississippi Univ. Medical Center, Jackson. Dept. 
of Neurology. 

R. S. Reddy, R. R. Jinna, J. E. Uzodinma, and D. 
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Although heavy metals have been shown to affect 
Na(+)-K(+)-ATPase in the brain and Ca(++)- 
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ATPase in the gills of fish, the mode of action of 
heavy metals on fish brain Ca(++)-ATPase has 
not been clearly understood to date. This study 
evaluated the in vitro effect of divalent metals, 
mercury and cadmium on Ca(+ +)-ATPase in the 
brain of catfish, Ictalurus punctatus. Brain tissue 
from channel catfish was exposed to mercuric and 
cadmium chloride solutions. Both the divalent ca- 
tions inhibited the Ca(+ +)-ATPase activity in the 
brain. Inhibition of enzyme activity by mercury 
was observed at concentrations as low as 0.1 micro 
M, while a similar effect by cadmium was recorded 
at 1 micro M. The 50% enzyme inhibition level of 
mercury obtained through dose-response curves 
was 3.8 micro M, while that of cadmium was 22.0 
micro M. The present work confirms the presence 
of Ca(+ +)-activated ATPase in the brain of fresh- 
water catfish. It could be conceived that the two 
divalent cations may alter cellular configuration by 
interfering with Ca(+-+)-sites on Ca(++)- 
ATPase. (VerNooy-PTT) 
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MERCURIAL INDUCED CHANGES IN THE 
HYPOTHALAMO-NEUROHYPOPHYSICAL 
COMPLEX IN RELATION TO REPRODUC- 
TION IN THE TELEOSTEAN FISH, CHANNA 
PUNCTATUS (BLOCH), 

Banaras Hindu Univ., Varanasi (India). Centre of 
Advanced Study in Zoology. 

R. M. Ram, and K. P. Joy. 

Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 3, p 329-336, 
September 1988. 6 fig, 27 ref. 


Descriptors: *Mercury, *Channa punctatus, *Fish, 
*Toxicity, *Sublethal effects, *Water pollution ef- 
fects, Biochemistry, Gonads, Heavy metals, Fungi- 
cides, Emisan, Enzymes. 


Inorganic mercuric chloride (HgCl2) and organic 
mercurial fungicide (Emisan) induced changes in 
the hypothalamo-neurohypophysical system in re- 
lation to reproduction of C. punctatus are de- 
scribed after chronic exposure for 6 months. Three 
groups each of 50 adult fish, weighing 45-55 g and 
12-16 cm in length were used. Fish in group I and 
II were exposed to ‘safe concentrations’ of either 
0.01 ppm of inorganic mercuric chloride (HgCl2) 
or 0.20 ppm of an organic mercurial fungicide, 
Emisan. The untreated group III served as the 
control. The experiment was started when the 
gonads were in immature stage-I condition, and 
terminated after a continuous exposure for 6 
months when the gonads in the control group were 
fully matured. In fish of both experimental groups, 
the neurons exhibited various degrees of degenera- 
tion. Corresponding with nuclear changes in the 
neurons, the brain MAO (monoamine oxidase) ac- 
tivity was also significantly inhibited in both treat- 
ed groups. The ovaries from both experimental 
groups were in immature stage-I condition, and in 
the testis of treated fish sperms were lacking and 
the Leydig (interstitial) cells were inactive and 
atrophied. Changes in the gonadotrophs of the 
pituitary were also observed. Both mercurials in- 
duced reduction of MAO, which is an indirect 
evidence of impairment of the monoaminergic 
system responsible for modulating the hypophysio- 
trophic control of gonadotropic function. On the 
basis of these results, it can be inferred that mer- 
curials-induced inhibition of the gonadal growth 
might have been mediated through the impairment 
of the hypothalamo-neurohypophysial-gonadal 
axis, in ood species. (VerNooy-PTT) 
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CHANGES IN NITROGEN METABOLISM OF 
PENAEID PRAWN, PENAEUS _INDICUS, 
DURING SUBLETHAL PHOSPHAMIDON 
AND METHYLPARATHION-INDUCED 
STRESS, 

Sri Venkateswara Univ., Tirupati (India). Dept. of 
Marine Zoology. 
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Bulletin of Environmental Contamination and 
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Certain aspects of ammonia production and its 
utilization in the selected tissues of penaeid prawn, 
Penaeus indicus exposed to sublethal concentra- 
tions of phosphamidon (PE) or methylparathion 
(ME) organophosphorus insecticides were studied. 
P. indicus is considered to be a sensitive indicator 
of marine and estuarine pollution and also is impor- 
tant in the fishery industry in India. LCSO values in 
static bioassay tests were found to be 0.9 ppm for 
phosphamidon and 0.095 ppm for methylparathion 
to the intermolt prawn for a 48 h exposure. In a 72 
h, aerated exposure to 0.3 ppm phosphamidon or 
0.03 ppm methylparathion, midgut gland, muscle 
and gill tissues were used for biochemical analysis. 
An increment in the AMP deaminase and adeno- 
sine deaminase activity levels indicated the aug- 
mented purine catabolism resulting in an elevation 
of ammonia content. To avert the toxicity of am- 
monia, the tissues have mobilized this toxic meta- 
bolite into the synthesis of comparatively safer 
substances like urea and glutamine as evidence 
through the increased pone activities of arginase 
and glutamine synthase respectively. All these met- 
abolic changes were more pronounced in ME 
prawn tissues when compared to PE prawn tissues. 
(VerNooy-PTT) 
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EFFECT OF AN ANIONIC DETERGENT ON 
THE LIPID MOIETIES OF VARIOUS CELL 
TYPES IN THE OPERCULAR EPIDERMIS OF 
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Banaras Hindu Univ., Varanasi (India). Dept. of 
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The histochemical change caused by an anionic 
detergent, dodecylbenzene sodium sulfonate in the 
various lipid moieties of different cell types in the 
opercular epidermis at different exposure times. 

ish (Rita rita) were exposed to 6.9 mg/L (the 96- 
hr LCSO) of the detergent. At frequent intervals, 
fish were sacrificed and their opercula were dis- 
sected and histochemically examined. With Sudan 
black B, with and without prior treatment of vari- 
ous extraction techniques, the epithelial cells 
throughout the opercular epidermis indicate the 
presence of moderate amounts of lipids. Transfer- 
ring the fish into the detergent medium for three or 
more days causes disappearance of most of the 
lipid moieties from the epithelial cells as evidenced 
by negative reactions with most of the lipid stain- 
ing techniques. Decreases in various lipid moieties 
were also seen in the goblet mucous cells and club 
cells under the influence of the detergent treat- 
ment. The effect of the detergent treatment on the 
mucous membrane is instant as evidenced by im- 
mediate profuse secretion by the cells of the epi- 
dermis. This mucous coat is, however, neither suf- 
ficient nor permanent, but synthesis and secretion 
of mucus is a continuous process. Although the 
question of skin permeability to water is complex 
and the structure of the epidermis is probably more 
important from this point of view than the chemis- 
try of the secretions, the lipid in the skin surface 
secretions may provide a barrier between the inter- 
nal and the external environment of the fish, acting 
as a water repellent and limiting the entry of water 
into the body of these species. (VerNooy-PTT) 
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ACUTE TOXICITY OF CYANOGEN 
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The destruction of cyanide in waste waters by 
chlorination has been shown to result in the forma- 
tion of the extremely toxic compound, cyanogen 
chloride (CNCI). The half-life values of CNCI 
have been determined to range from 1 min at 45 C 
to 10 h at 5 C. Toxic concentrations of this com- 
pound may, therefore, be present in a given waste 
receiving water for a period of time sufficient to 
result in acute toxicity to populations of aquatic 
organisms. In this study the acute toxicity of CNCI 
to Daphnia magna neonates under static bioassay 
conditions was examined. With daphnid neonates 
up to 5 days old, the 24-h and 48-h LCS50s were 86 
micrograms/L and 65 micrograms/L, respectively. 
Using neonates < or = 24 hours old, the LCSO 
values were 40 micrograms/L and 29 micrograms/ 
L. Strictly speaking, the LCSO values derived from 
this study do not pertain to pure CNCI since this 
compound undergoes considerable hydrolysis at 
alkaline pH. The observed lethality could be attrib- 
uted to a combined effect of CNCI and its hydroly- 
sis by-products (i.e., Cl(-), NH3, CO2, etc.). (Ver- 
Nooy-PTT) 
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COMBINED TOXICITY OF COPPER, CADMI- 
UM, ZINC, LEAD, NICKEL, AND CHROME TO 
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In this study the acute toxicity of six heavy metals 
(Cu, Cd, Zn, Pb, Ni and Cr) to the marine copepod 
Tisbe holothuriae Humes was determined. Oviger- 
ous females of Tisbe, a common Mediterranean 
benthic copepod, were used. The 48-hr LC50s 
were as follows: Cu = 0.37 mg/L; Zn = 0.62 m 
L; Cd = 0.91 mg/L; Ni = 2.58 mg/L; Pb = 6. 
mg/L; Cr = 14.13 mg/L. Combinations of two 
metals were also tested, with solutions containing 
varying percentages of the 48-hr LCS0s of the 
metals. In all experiments, clear cases of syner; 
were observed. The order of the toxicity of the 
various combinations of toxicant mixtures is the 
following: Pb+Cr = Cd+Zn < Ni+Cr < 
Zn+Ni < Pb+Zn = Ni+Cu = Zn+Cu = 
Cd+Cr < Cd+Ni < Cd+Cu < Pb+Ni < 
Zn+Cr < Pb+Cu < Cr+Cu = Pb+Cd 

on the toxicity of a solution containing 50% of the 
LCS0 of each toxicant). (Vernooy- 
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Concentrated brines of potash solutes are used as 
part of the process of mining potash in southeast- 
ern New Brunswick. These brines consist primarily 
of the chlorides of potassium, sodium and calcium. 
Pipeline ruptures have resulted in spills of concen- 
trated brine and dead fish were observed for a 
distance of 1.5 km downstream of the spill site. 
The toxicity of this brine was tested on various 
aspects of early salmonid (Salmo salar) develop- 
ment to determine whether fish mortality could be 
attributed to the spill. Of the stages tested, newly 
feeding fry were most sensitive to potash brine, 
with a 7-d LCSO of a brine dilution corresponding 
to a conductivity of 3600 microsigmas (K(+) con- 
centration of 16 mM). Newly hatched alevins were 
less sensitive than fry with a 7-d LCSO at a K(+) 
concentration of 48.2 mM (conductivity of 10,740 
microsigmas). The toxicity of the brine solution to 
salmon alevins could be accounted for by the 
K(+) present in it, since the 7-d LCSO for pure 
KCI solutions was 49.4 mM. Eyed eggs were more 
tolerant of potash brine than either fry of alevins 
with a 7-d LCSO at 92-118 mM K(+) (20,500- 
26,300 microsigmas). Early cell divisions of newly 
fertilized salmon eggs are also extremely sensitive 
to potash solution, with growth of the blastodiscs 
being slowed at the lowest dilution tested (1.8 mM 
K(+)), and mortality occurring at 90 mM. The 
impact of hypersaline potash spills obviously is 
dependent upon the life stages of salmon in the 
impacted stream at the time of the spill. Fortunate- 
ly, the documented spills occurred in mid-winter, 
and eggs at that time should have been fairly 
tolerant (7-d LCS50O ca. 10,000 microsigmas). (Ver- 
Nooy- 
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The present study was initiated to determine the 
acute effects of cadmium on two cladoceran spe- 
cies - Daphnia carinata and Echinisca triserialis 
commonly found in freshwater of Delhi. Daphnia 
adults are 2.5-2.9 mm and Echinisca adults are 0.7- 
0.9 mm. The two species were chosen to determine 
the magnitude of toxicity in relation to body size, 
and if differences of food levels could modify the 
acute toxicity effects on these cladocerans. The 48- 
h and 96-h LCS0’s for E. triserialis were 345 and 
70 micrograms/L at low food levels, 370 and 58 
micrograms/L at medium food levels and 460 and 
340 micrograms/L at high food levels. For D. 
carinata the values were 265 and 110 micrograms/ 
L at low food levels, and 350 and 235 micrograms/ 
L at medium food levels. A 48-h LCSO was not 
obtained by D. carinata at a high food level, but at 
96-h, a LCSO was achieved at a 480 micrograms/L 
cadmium. The LCSO values of E. triserialis were 
lower than those of D. carinata at all the three 
food levels tested, and the survival of both species 
was greatly affected by food stress. It is concluded 
that factors such as availability of food in the 
natural waters may severely affect pollutants such 
as cadmium in either enhancing it or mitigating it. 
(VerNooy-PTT) 
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Tilapia species are important food fishes in many 
countries and are increasingly important in aqua- 
culture, yet relatively little information exists on 
their susceptibility to many pollutants. The present 
paper reports an investigation into the sublethal 
toxicity of cadmium in Tilapia aurea. Groups of 
150 juvenile T. aurea were exposed to a mean 
concentration of 1.5, 6.8, 14, 28, or 52 micrograms/ 
L cadmium for 16 weeks. Mortalities among test 
fish were low and not related to cadmium concen- 
tration. Cadmium also appeared to have no effect 
on the growth, or on the moisture, fat, protein or 
ash content or hemoglobin concentration of the 
fish. Of the variables measured, only the hemato- 
crit value after 10 weeks exposure and the muscle 
cadmium concentrations indicate the effects of 
cadmium. A preliminary estimate of the maximum 
acceptable cadmium concentration for Tilapia 
would be between 14 and 30 micrograms/L. Al- 
though the suggested figure for Tilapia is based 
partially on tissue cadmium levels rather than 
solely on criteria of toxicity to the fish itself, in 
view of its importance as a food fish this approach 
is considered justifiable. (VerNooy-PTT) 
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Macrobenthos were sampled at 27 sites on a sea- 
sonal basis from October 1981 through November 
1982. Cluster analyses and principal components 
analyses indicated that although spatial and species 
groupings were weak, an underlying sediment-cor- 
related structure persisted for all seasons. Weak 
station groupings resulted from great seasonal and 
local variability in abundance of several dominant 
taxa. The most widely distributed species varied 
the least in density over time. Species richness and 
dominance were uncorrelated. Dominance was 
correlate with sediment organic content (percent 
total organic carbon) and percent mud. Species 
richness increased with increasing percent total 
organic carbon, reaching a maximum in the range 
0.7 to 1.0% total organic carbon (primarily sand 
stations). At higher organic levels (muddy sand 
stations), species richness was inversely correlated 
with percent total organic carbon and heavy 
metals concentrations. In both sand and mud com- 
munities, species richness was positively correlated 
with density. This study indicates that environmen- 
tal factors associated with percent total organic 
carbon exert a negative effect both on species 
richness and density above a threshold of about 
1.25%, and that toxic metals may be a significant 
factor in causing this decline. (Author's abstract) 
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Fluoride concentrations in Sydney rock oyster spat 
increased linearly from 45 to 204 microgram (ug)/ 
g dry spat with increasing seawater fluoride addi- 
tions from 0 to 30 mg/l. Over this fluoride range, 
weight gains decreased linearly with a 20% 
growth depression at the highest concentration. 
Higher concentrations of fluoride were found in 
spat of both species held at a salinity of 15 ppt in 30 
mg F/I than in those held at salinities of 25, 35, and 
45 ppt at the same seawater fluoride concentration. 
Spat of both species grew fastest at salinities of 25 
and 35 ppt. Mortalities of flat rock oyster spat 
were higher at 15 ppt than at salinities of 25, 35, 
and 45 ppt. Weight gains for Sydney rock oysters 
increased with increasing temperatures from 12 to 
30 C. Fluoride concentrations in Sydney rock 
oyster spat held in seawater containing 50 mg F/I 
at 24 and 30 C (2282 and 2130 ug/g dry spat) were 
much higher than those held at 12 and 18 C (1116 
and 1140 ug/g dry spat). (Author’s abstract) 
W89-01452 


DISSOLVED OXYGEN IN 
RESERVOIRS, 

Tennessee Valley Authority, Chattanooga. 

For primary bibliographic entry see Field 5G. 
W89-01498 


STREAMS AND 


THERMAL EFFECTS, 

South Carolina Public Service Authority, Moncks 
Corner. 

M. E. Harrelson, J. Hudson, and J. B. Cravens. 
Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 978-983, June 1988. 38 
ref. 


Descriptors: *Literature review, *Thermal pollu- 
tion, *Temperature effects, *Water pollution ef- 
fects, *Aquatic habitats, Primary productivity, 
*Ecosystems, Consumers, Food chains, Macro- 
phytes, Algae, Fish, Shellfish, Crustaceans, Respi- 
ration, Thermal stress, Mortality, Model studies. 


Literature published in 1987 on thermal effects in 
aquatic environments is summarized under the fol- 
lowing headings: reviews and models, producers 
(aquatic plants), consumers (larvae and embryon- 
ic), feeding, growth, habitat, oxygen metabolism, 
mortality, thermal tolerance, temperature prefer- 
ence, temperature and other stresses, and bio- 
chemical reaction studies. Algae and macrophytes 
are discussed as producers; fish, shellfish, and crus- 
taceans are discussed as consumers. The review 
aims to include all pertinent, important and signifi- 
cant articles without evaluating their merit; when 
selections were made, availability of documents 
and the presence of new information in the article 
were used as inclusion criteria. A brief synopsis of 
the contents is given for each article cited. (Roch- 
ester-PTT) 

W89-01500 


EFFECTS OF POLLUTION ON FRESHWATER 
ORGANISMS, 

American Scientific International, Duluth, MN. 

A. Pilli, D. O. Carle, E. Kline, Q. Pickering, and J. 
Lazorchak. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 994-1065, June 1988. 3 
tab, 648 ref. 


Descriptors: *Literature review, *Water pollution 
effects, *Bioassay, *Natural waters, *Data coilec- 
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tions, Mortality, Animal behavior, Biological mag- 
nification, Organic compounds, Heavy metals, Pes- 
ticides, Acids, Detergents, Effluents, Chlorinated 
hydrocarbons, Polychlorinated biphenyls, Sedi- 
ments, Surfactants, Environmental Protection 
Agency, AQUIRE Data Base, Population expo- 
sure. 


Literature published in 1987 on effects of pollution 
on freshwater organisms is summarized in tables. 
Pollutant effects (lethality, growth effects, behav- 
ioral effects, bioconcentration, and other effects) 
are listed for various pesticides, organic chemicals, 
heavy metals, acids, detergents, effluents, chlorin- 
ated hydrocarbons, polychlorinated biphenyls, 
sediments, and surfactants. Data were extracted 
from the EPA’s Aquatic Information Retrieval 
(AQUIRE) data base. For each pollutant, the orga- 
nism tested and the concentration, its effect, the 
duration of the effect, and the literature citation for 
the data are given. (Rochester-PTT) 

W89-01502 


EFFECTS ON SALTWATER ORGANISMS, 
California State Univ., Long Beach. Dept. of Biol- 


ogy. 

D. J. Reish, P. S. Oshida, A. J. Mearns, and T. C. 
Ginn. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 1065-1077, June 1988. 
1 tab, 170 ref. 


Descriptors: ‘*Literature review, *Seawater, 
*Water pollution effects, *Fate of pollutants, 
*Data collections, Tissue analysis, Heavy metals, 
Pesticides, Hydrocarbons, Chlorinated hydrocar- 
bons, Nutrients, Trace elements, Oil spills, Indus- 
trial wastes, Plants, Invertebrates, Fish, Mammals, 
Mortality, Morbidity, Reproduction, Ocean dump- 
ing, Toxicity, Environmental effects, Population 
exposure. 


Literature published in 1987 on effects of water 
pollution on marine organisms (plants, inverte- 
brates, fish, and mammals) is summarized under the 
following headings: residues and related topics, 
surveys (after oil spills), diseases, reproductive 
damage, impacts of ocean debris and fishing gear, 
ecological events, and toxicity. The review aims to 
include all pertinent, important and significant arti- 
cles without evaluating their merit; when selec- 
tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
contents is given for each article cited. In addition, 
a table is included summarizing reports of chemical 
residues in marine organisms, including concentra- 
tion in tissue, locality, and literature citation for the 
report. Chemicals listed are Al, As, Ba, Cd, Ca, 
Ce, Cr, Co, Cu, Fe, La, Pb, Li, Mg, Mn, Hg, Mo, 
Ni, Nb, K, Na, Sc, Se, Ag, Sr, Tl, Th, Sn, U, V, Y, 
Zn, Zr, chlordane, DDE, DDT, dieldrin, hexach- 
lorobenzene, hexachlorohexane, hydrocarbons, 
kepone, mirex, polychlorinated biphenyls, photo- 
mirex, octochlorostyrene, and organotin. (Roches- 
ter-PTT) 

W89-01503 


SUBSTRATE ASSOCIATED MICROBIOTA, 
Pennsylvania State Univ., University Park. School 
of Forest Resources. 

N. J. Bowers, and J. R. Pratt. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 1088-1093, June 1988. 
73 ref. 


Descriptors: ‘*Literature review, *Sampling, 
*Ecology, *Substrates, *Water pollution effects, 
*Microbiological studies, Periphyton, Adenosine 
triphosphate, Respiration, Biomass, Bacteria, Food 
habits, Flagellates, Light, Diatoms, Colonization, 
Microenvironment, Species composition, Adapta- 
tion, Aquatic habitats. 


Literature published in 1987 on substrate-associat- 
ed microorganisms in relation to water pollution 
control is summarized, including methodology and 
ecology. Topics include sampling periphyton, field 
extraction of ATP, in situ respiration measurement, 
biomass and production of bacteria, preferential 
grazing of bacteria by microflagellates, light adap- 


tation of diatoms, colonization of sand grains by 
diatoms, diatom community structure, and adapta- 
tions to microenvironment. The review aims to 
include all pertinent, important and significant arti- 
cles without evaluating their merit; when selec- 
tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
contents is given for each article cited. (Rochester- 


W89-01505 


EFFECTS OF CHEMICALS ON MICROORGA- 
NISMS. 

Environmental Protection Agency, Washington, 
DC. Office of Toxic Substances. 

J. D. Walker. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 1106-1121, June 1988. 
3 tab, 67 ref. 


Descriptors: *Water pollution effects, *Literature 
review, *Microbiological studies, *Bioassay, 
*Water analysis, *Data collections, *Toxicity, En- 
zymes, Metabolism, Fungi, Yeasts, Bacteria, Per- 
formance evaluation, Bacterial physiology, Com- 
parison studies, Microtox test, Algae, Structure- 
activity relationships, Chlorinated hydrocarbons, 
Pesticides, Dyes, Hydrocarbons, Inorganic com- 
pounds, Heavy metals, Toxins, Phenols, Quinones, 
Daphnia, Invertebrates, Fish, Sludge microorga- 
nisms. 


Literature published in 1987 on effects of chemi- 
cals on microorganisms is summarized under the 
following headings: bacterial toxicity tests (biolu- 
minescence, microcalorimetry, enzyme activity, 
tetrazolium dye reduction, oxygen uptake, methan- 
ogenesis, and adenosine triphosphate); algal toxici- 
ty tests; fungal and yeast toxicity tests; compara- 
tive sensitivity of microbial toxicity testing sys- 
tems; comparative sensitivity of microbial, terres- 
trial, and aquatic organisms testing systems; quanti- 
tative structure-activity relationships; and use of 
microbes to assess toxicity in different environ- 
ments (water, sediment, wastewater, and soil). A 
table is included showing the effective concentra- 
tions in mg/I obtained with microbial tests (mainly 
Microtox) done with chlorinated hydrocarbons, 
aliphatic and aromatic hydrocarbons, pesticides, 
dyes, inorganic compounds, heavy metal salts, and 
other compounds. Comparative toxicity of phenols 
and quinones with Beneckea harveyi and of hydro- 
quinone and hydroquinone with B. harveyi and 
Daphnia pulex also are considered. Results also are 
presented showing comparative toxicities of organ- 
ic compounds to activated sludge microorganisms, 
invertebrates, fish, and Chlorella vulgaris. (Roch- 
ester-PTT) 

W89-01507 


INFLUENCE OF INDICATOR BACTERIA ON 
THE INCIDENCE OF SALMONELLA IN 
AQUATIC ENVIRONMENT, 

Hiroshima Univ. (Japan). Faculty of Applied Bio- 
logical Science. 

For primary bibliographic entry see Field 5A. 
W89-01510 


RECENT DEVELOPMENTS IN THE LAW OF 
THE SEA 1986, 

For primary bibliographic entry see Field 6E. 
W89-01518 


ILLNESS AND RESERVOIRS ASSOCIATED 
WITH GIARDIA LAMBLIA INFECTION IN 
RURAL EGYPT: THE CASE AGAINST TREAT- 
MENT IN DEVELOPING WORLD ENVIRON- 
MENTS OF HIGH ENDEMICITY, 

Texas Univ. Medical School at Houston. Program 
in Infectious Diseases and Clinical Microbiology. 
P. S. Sullivan, H. L. DuPont, R. R. Arafat, S. A. 
Thornton, and B. J. Selwyn. 

American Journal of Epidemiology AJEPAS, Vol. 
127, No. 6, p 1272-1281, June 1988. 5 tab, 15 ref. 


Descriptors: *Giardia lamblia, *Diarrhea, *Human 


disease, *Epidemiology, *Giardiasis, *Path of pol- 
lutants, *Water pollution effects, *Parasites, 
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*Drinking water, *Contamination, Infection, 
Public health, Children, Developing countries, 
Economic aspects, Parasites, Nile River, Deltas, 
Egypt. 


A longitudinal investigation of the health effects 
and reservoirs of Giardia was undertaken during 
1984-1985 in 40 households located in the rural 
Nile delta region of Egypt. Stool specimens ob- 
tained once weekly for six months from 2-4 year- 
old children were cyst- or trophozite-positive in 
42% of the 724 examined. Only one child remained 
Giardia-negative during the study. The mean dura- 
tion of excretion in Giardia-positive children was 
seven and one-half weeks with a range of one to 17 
weeks. Mucus was present in 52% of all stools 
collected, and fecal leukocytes were observed with 
surprising frequency in absence of identifiable 
pathogens. Clinical symptoms of illness were fre- 
quently observed within a month before or after 
Giardia excretion in stool of children, but a statisti- 
cal inference of association was not demonstrated. 
Seventeen percent of 697 specimens obtained from 
their mothers were Giardia-positive for a mean 
duration of four weeks and a range of one to 18 
weeks. A total of 962 specimens was collected 
from 13 species of household livestock. Giardia 
was detected in 22 specimens from cows, goats, 
sheep, and one duck. Giardia cysts were detected 
in three of 899 samples of household drinking 
water. The ubiquity of the protozoan as well as the 
failure to show an association between infection 
and symptomatic illness argue against the adminis- 
tration of Giardia-specific drugs to children in 
settings where the risk of reinfection is high and 
for whom intestinal insults are both varied and 
constant. (Author’s abstract) 

W89-01525 


TWO DECADES OF SUCCESSFUL HAZARD- 
OUS WASTE DISPOSAL WELL OPERATION: 
A COMPILATION OF CASE HISTORIES, 

Davis (Ken E.) Associates, Houston, TX. 

For primary bibliographic entry see Field SE. 
W89-01577 


USE OF DETRENDED CORRESPONDENCE 
ANALYSIS IN EVALUATING FACTORS CON- 
TROLLING SPECIES COMPOSITION OF PER- 
IPHYTON, 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

For primary bibliographic entry see Field 7C. 
W89-01607 


SAMPLING AND INTERPRETATION OF 
ALGAL PATTERNS FOR WATER QUALITY 
ASSESSMENTS, 

Louisville Univ., KY. Dept. of Biology. 

For primary bibliographic entry see Field 7C. 
W89-01608 


GROUND WATER CONTAMINATION BY OR- 
GANIC CHEMICALS: UNCERTAINTIES IN AS- 
SESSING IMPACT, 

California Univ., Los Angeles. School of Public 
Health. 

For primary bibliographic entry see Field 5B. 
W89-01667 


EFFECTS OF PESTICIDE APPLICATIONS ON 
FORESTED WATERSHEDS, 

Florida Univ., Gainesville. School of Forest Re- 
sources and Conservation. 

D. G. Neary. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 325-337, 10 fig. 


Descriptors: *Water pollution effects, *Pesticides, 
*Forest watersheds, Methoxychlor, Picloram, 
Hexazinone, Trees, Insecticides, Herbicides. 


Insecticides have been applied to regulate out- 
breaks of terrestrial insects and to study instream 
detritus processing dynamics of aquatic insects. 
Some of the original research on the effects of 





forest treatments on water yield used herbicides to 
simulate cutting or induce vegetation succession. 
The water quality impacts of pesticide applications 
to Southern Appalachian forests were investigated 
in some of these studies. More recently, a series of 
projects have conducted research to determine the 
impact of site preparation herbicides on water 
quality. With increased use of herbicides and insec- 
ticides in modern forest management, and the 
rising sensitivity of the public to the fate of pesti- 
cides in the environment, these studies have 
become more important. One study reported upon 
in this chapter used methoxychlor to exclude ma- 
croinvertebrates from a small first-order watershed 
adjacent to watershed 10 (WS 10). The methox- 
ychlor (24% emulsifiable concentrate) was intro- 
duced into the stream source areas at a rate of 5 g/ 
cu m, based on stream discharge in February 1980. 
Supplemental applications of 10 g/cu m were con- 
ducted in May, August, and November. During 
the period of the study concentrations of methox- 
ychlor in streamflow never exceeded 33 mg/cu m. 
Despite these low concentrations, some drastic im- 
pacts on the invertebrate population occurred. An- 
other study involved the effect of both picloram 
and hexazinone on woody plants. Both herbicides 
proved to be effective on the range of tree species 
in the oak-hickory forest ecosystem. Hexazinone is 
a unique herbicide in that most pines are tolerant of 
herbicide rates which kill hardwoods. Some spe- 
cies such as red maple and black gum show slight 
resistance to both herbicides. The effects of 
drought in reducing the activity of both herbicides 
were noted. Although the herbicides produced 
shifts in vegetation structure from forest to grass- 
broadleaf herbaceous plant system, they were not 
investigated in any detail. (See also W89-01691) 
(Lantz-PTT) 

W89-01708 


ACID PRECIPITATION EFFECTS ON FOREST 
ROCESSES, 
Georgia Univ., Athens. Dept. of Botany. 

B. L. Haines, and W. T. Swank. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 359-366, 2 fig, 3 tab. 


Descriptors: *Acid rain, *Water pollution effects, 
*Forests, Sulfates, Nitrates, Plants, Hydrogen ion 
concentration, Pine trees. 


Plant biomass accumulation and reproductive in- 
vestment integrate both above and below ground 
plant-environmental interactions. Essential interac- 
tions include: (1) the net acquisition of solar radi- 
ation at rates avoiding increased respiration or 
damage to leaves by overheating; (2) the net acqui- 
sition of CO2 through stomata to the mesophyll of 
leaves with minimum loss of water by the reverse 
pathway; (3) the net acquisition of essential mineral 
elements while avoiding accumulation of some ele- 
ments at toxic concentrations; and (4) the net ac- 
quisition of water from soil in excess of water loss 
rates via transpiration. Acid rain is but one of 
many potentially interacting factors which can in- 
fluence the net acquisition of energy, CO2, miner- 
als, and water. Experimental work suggests that 
the threshold for damage to some ecosystem proc- 
esses is between pH 2.0 to 3.0, while acid rain at 
Coweeta ranges from 3.1 to 6.4 with a volume 
weighted average of 4.6. If rainfall acidity were to 
increase from the lowest recorded 3.1 by a factor 
of four to 2.5, measurable change would probably 
occur. Potential negative effects of gaseous air 
pollutants are more immediate. The SO4 and NO3 
in acid rain are generally thought to be derived 
from SOx and NOx liberated to the atmosphere in 
the burning of fossil fields. Although the volume 
weighted rainfall pH at Coweeta of 4.68 is more 
than 100 times higher than the threshold for leaf 
damage, the authors have postulated that the ambi- 
ent concentrations of SOx, NOx, and/or O3 at 
Coweeta may be high enough to have direct ef- 
fects on net plant metabolism. The threshold for 
acid rain damage to white pine at Coweeta is about 
pH 1.5 and during the summer period, pH of bulk 
precipitation was not abnormally low. (See also 
W89-01691) (Lantz-PTT) 

W89-01710 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


TRACE METALS IN THE ATMOSPHERE, 
FOREST FLOOR, SOIL, AND VEGETATION, 
Emory Univ., Atlanta, GA. Dept. of Biology. 

H. L. Ragsdale, and C. W. Berish. 

IN: Forest Hydrology and Ecology at Coweeta. 
Ecological Studies, Volume 66. Springer-Verlag, 
New York. 1988. p 367-380, 3 fig, 6 tab. 


Descriptors: *Water pollution effects, *Trace 
metals, *Forest watersheds, Soil contamination, 
Toxicity, Soil columns, Copper, Zinc, Lead, Cad- 
mium, Heavy metals, Vegetation, Fate of pollut- 
ants. 


Trace metals can have detrimental effects in the 
ambient environment at low levels, while high 
levels of trace metals can be lethal. The absence of 
a trace element data base at Coweeta coupled with 
the realization that trace elements may be exceed- 
ingly important in the growth and health of eco- 
logical systems were the primary reason for initiat- 
ing this study. The soil column (O1 + O2, A, and 
upper B horizon) of two, low-elevation control 
watersheds in the Coweeta Basin contains lower 
concentrations of trace elements (Cu, Zn, Pb, and 
Cd) than commonly reported for many other 
North American sites. The litter-humus forest floor 
burdens of Cu, Pb, and Zn were 20 times smaller 
than found in forests of the industrialized north- 
eastern United States. The largest trace element 
burden in the forest floor was for Zn. The low 
standing stocks of trace metals in low-elevation 
forest floors at Coweeta indicate that present at- 
mospheric inputs of metals are low. Lead concen- 
trations in Carya boles at low elevations have 
increased both in historical and recent times. His- 
torical increases in Pb may have been related to 
regionwide disturbance from metal smelting. 
Recent increases in trace metal concentrations are 
the result of smaller annual growth rings. Since the 
early 1900s, trace metal burdens in hickory wood 
has remained constant. Lead concentrations in the 
high elevation Albert Mountain litter and humus 
samples were significantly greater than those at the 
lower elevations of watersheds 2 and 18. The 
greater Pb concentrations at high elevation result 
from long range transport and deposition of air- 
borne Pb particles. Similar trace metal deposition 
patterns have been found for high-elevation sites in 
the northeast. (See also W89-01691) (Lantz-PTT) 
W89-01711 


ECOLOGICAL EFFECTS OF IN SITU SEDI- 
MENT CONTAMINANTS. 

Proceedings of an International Workshop held in 
Aberystwyth, Wales, 1984. Developments in Hy- 
drobiology 39, Dr W. Junk Publishers, Boston, 
1987. 272p. Edited by R. Thomas, R. Evans, A. 
Hamilton, M. Munawar, T. Reynoldson, and H. 
Sadar. 


Descriptors: *Ecological effects, *Water pollution 
effects, *Contamination, *Sediments, Trace metals, 
Organic compounds, Adsorption, Particle size, 
Toxicity. 


The interaction between land and water is charac- 
terized by the transfer of terrestrial material de- 
rived from weathering and erosion into the aquatic 
system. Sediment is transported, sorted and depos- 
ited according to its textual properties and to the 
physical characteristics of the transporting 
medium. Fine-grain sediments separated from their 
coarser counterparts during transport are deposit- 
ed in areas of either restricted circulation or in 
deeper waters where the physical processes neces- 
sary to induce resuspension and further transport 
are lacking. These finer sediments are well known 
for their ability to adsorb both trace metals and 
relatively insoluble organic compounds. In natural 
systems, the adsorption process generally proceeds 
in a manner that results in the removal of those 
naturally occurring elements and compounds con- 
sidered toxic to aquatic organisms at high concen- 
trations. Life itself has adapted to these conditions 
and it is no accident that elements of high solubili- 
ty are non-toxic to biological systems. The bal- 
ances contained in natural systems are altered by 
the increased uptake of toxic materials introduced 
into watercourses through human activities. The 
resulting increase in sediment concentrations of 
toxic contaminants, which are the manifestation of 
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increased natural substances such as heavy metals, 
is the definition of in situ contaminants. (See W89- 
01714 thru W89-01735) (Lantz-PTT) 

W89-01714 


INTERACTIONS BETWEEN SEDIMENT CON- 
TAMINANTS AND BENTHIC ORGANISMS, 
International Joint Commission-United States and 
Canada, Windsor (Ontario). Great Lakes Regional 
Office. 

For primary bibliographic entry see Field 5B. 
W89-01719 


SEDIMENT-ASSOCIATED CONTAMINANTS 
AND LIVER DISEASES IN BOTTOM-DWELL- 
ING FISH, 

National Marine Fisheries Service, Seattle, WA. 
Northwest and Alaska Fisheries Center. 

D. C. Malins, B. B. McCain, D. W. Brown, U. 
Varanasi, and M. M. Krahn. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 67-74, 2 fig, 2 tab, 27 ref. 


Descriptors: *Sediment contamination, *Liver, 
*Fish diseases, *Water pollution effects, *Toxicity, 
Statistical studies, Organic compounds, Hydrocar- 
bons, Chlorinated hydrocarbons, Benthic environ- 
ment, Bile, Chemical analysis, Puget Sound, Wash- 
ington, Path of pollutants. 


High concentrations of chemicals have been found 
in sediments from urban areas of Puget Sound. 
Hundreds of organic chemicals (including certain 
aromatic hydrocarbons (AHs) and various chlorin- 
ated compounds) were identified. Statistical meth- 
ods were used to evaluate possible relationships 
between the chemistry data and fish diseases. Posi- 
tive correlations were found between the frequen- 
cies of liver neoplasms (e.g., hepatocellular carci- 
noma) and other liver lesions in English sole (Par- 
ophrys vetulus) and concentrations of AHs in sedi- 
ment; such correlations were not found with chlor- 
inated hydrocarbons. Strong evidence was also 
obtained to show that many organic chemicals in 
sediment are bioavailable to bottom-dwelling fish. 
Stomach contents (consisting mainly of benthic 
invertebrates) from English sole had concentra- 
tions of a number of AHs similar to those in the 
sediment from which the fish were taken. In these 
same fish, metabolites of many aromatic com- 
pounds were found in bile using a procedure com- 
bining HPLC with fluorescence detection. Fur- 
ther, the concentrations of certain xenobiotic meta- 
bolites in bile were correlated positively with the 
occurrence of liver neoplasms in English sole. (See 
also W89-01714) (Author's abstract) 

W89-01720 


PHYTOPLANKTON BIOASSAYS FOR EVALU- 
ATING TOXICITY OF IN SITU SEDIMENT 
CONTAMINANTS, 

Canada Centre for Inland Waters, Burlington (On- 
tario). 

M. Munawar, and I. F. Munawar. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 87-105, 12 fig, 4 tab, 41 ref. 


Descriptors: *Water pollution effects, *Toxicity, 
*Phytoplankton, *Bioassay, *In situ tests, Algae, 
Biological studies, Computers, Great Lakes, Eco- 
logical effects. 


Routine bulk chemical characterization of sedi- 
ments does not provide useful information on tox- 
icity of sediment bound contaminants. This study 
reviewed and evaluated the utility of phytoplank- 
ton bioassays for evaluation of toxicity of sediment 
bound contaminants, including state-of-the-art 
techniques. Several techniques such as Algal Frac- 
tionation Bioassays, microcomputer-based toxicity 
testing and in situ bioassays including plankton 
cages have been developed and successfully ap- 
plied in research at various contaminated sites in 
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the St. Lawrence Great Lakes. These bioassay 
techniques are sensitive, rapid and inexpensive for 
screening contaminant. The use and application of 
such techniques, based on bioavailability and phys- 
iological response of microorganisms, are essential 
for the detection of environmental perturbations of 
an ecosystem. Such an early warning system will 
facilitate the preservation and rehabilitation of the 
Great Lakes. (See also W89-01714) (Author's ab- 
stract) 

W89-01723 


IN SITU CONTAMINANTS AND ENVIRON- 
MENTAL ASSESSMENT: AN ECOLOGICAL 
SUMMARY, 

FEARO, Halifax (Nova Scotia). 

G. E. Beanlands. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 113-118, 1 fig, 16 ref. 


Descriptors: *Environmental impact statement, 
*Ecology, *Ecological effects, *Water pollution 
effects, Environmental effects, History, Decision 
making, Prediction, Biological studies. 


The origins of the concept of environmental 
impact assessment (EIA) are outlined to explain 
why the scientific basis has not developed as well 
as the procedural aspects. The question is raised of 
the role of ecological science in environmental 
impact assessment and the compatibility of the 
objectives of the ecologist with those of the deci- 
sion makers is discussed. A conceptual framework 
for the consideration of the problems of in situ 
contaminants is presented within the context of 
environmental assessment. One of the major con- 
straints on the application of ecological science to 
EIA is the limit of current knowledge. Ecology is 
a a relatively young science. As such it lacks the 
well developed theoretical base common to more 
mature sciences such as physics, chemistry and 
biology. One of the results is that the predictive 
capability of ecological science is very limited, a 
serious limitation with respect to its useful applica- 
tion in assessment. Some of the main reasons for, 
and implications of, this limited predictive capacity 
are: natural variability, reference to managed eco- 
systems, and the focus on populations. (See also 
W89-01714) (Lantz-PTT) 

W89-01725 


CONTAMINATED SEDIMENTS IN THE ELBE 
ESTUARY: ECOLOGICAL AND ECONOMIC 
PROBLEMS FOR THE PORT OF HAMBURG, 
Behoerde fuer Wirtschaft, Verkehr und Landwirts- 
chaft, Hamburg (Germany, F.R.). 

L. Tent. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 189-199, 7 fig, 3 tab, 52 ref. 


Descriptors: *Water pollution effects, *Elbe River, 
*Estuary, *Sediment contamination, Hamburg, 
Wastewater disposal, Oxygen, Harbors, Dredging, 
Water pollution sources, Economic aspects, West 
Germany. 


The lower Elbe is polluted by poorly treated do- 
mestic sewage and industrial effluent. This has led 
to a major change on the oxygen content of the 
water and to the presence of contaminated sedi- 
ment. The Port of Hamburg is situated in the 
limnic region of the Elbe estuary in West Germa- 
ny. The areas for cargo handling and storage, 
industrial and merchant firms, harbor basins and 
the river Elbe cover 87 sq km (12% of the Ham- 
burg state territory). In the lower Elbe and in 
many waterways within the harbor, water depths 
(about 13 m) are maintained by dredging. The 
resulting 2.5-million cu m of dredged material are 
disposed on land by hydraulic transport. With in- 
creasing knowledge about sediment contamination, 
problems have arisen regarding further disposal. 
Intensive investigations have been conducted con- 
cerning alternative solutions, waste water treat- 
ment, safety for groundwater, gasification, metal 


extraction and possibilities for agricultural use. 
Techniques have been developed for the con- 
trolled disposal of dredged material in hill-shaped 
deposits. (See also W89-01714) (Author’s abstract) 
W89-01731 


CONSEQUENCES OF ENVIRONMENTAL 
CONTAMINATION BY LEAD MINING IN 
WALES, 

Bradford Univ. (England). School of Environmen- 
tal Science. 

For primary bibliographic entry see Field 5B. 
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PREDICTING THE EFFECTS OF A POSSIBLE 
TEMPERATURE INCREASE DUE TO 
STREAM REGULATION ON THE EGGS OF 
WHITEFISH (COREGONUS LAV ARETUS) - A 
LABORATORY APPROACH, 

Oslo Univ. (Norway). Zoological Museum. 

S. J. Saltveit, and A. Brabrand. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 219-228, 8 fig, 3 
tab, 9 ref. 


Descriptors: *Water pollution effects, *Regulated 
flow, *Thermal pollution, *Streams, Water tem- 
perature, Whitefish, Norway, Ecological effects, 
Seasonal variation, Eggs. 


In the fjord lake Randsfjorden, Norway, the white- 
fish (Coregonus lavaretus) has four sympatric pop- 
ulations. One of these spawns in the lower parts of 
the main inlet River Dokka-Etna, while the others 
spawn in the lake. In this region, with very low 
winter temperatures, most egg development takes 
place in the autumn and spring. Regulation plans 
for the inlet river and its catchment will lead to 
changes in discharge and autumnal temperature 
increase below the power station, since water will 
be taken from a deep release reservoir and subse- 
quently released to the river as minimum instream 
flow. Reduced water flow and increased tempera- 
ture during autumn and winter are expected to 
affect life history parameters of the river spawning 
whitefish, including migration, spawning time, 
available spawning area, egg development and 
hatching time. The present studies agree with ex- 
periments that have shown that less degree days 
are required by fish eggs for embryonic develop- 
ment at lower water temperatures. Two major 
independent processes in embryonic development 
and hatching have been distinguished. After expo- 
sure to low temperatures a thermal cue seems 
necessary to induce hatching rather than cumula- 
tive degree days. Therefore river regulation giving 
rise to increased temperatures during winter and an 
earlier temperature increase in spring, will prob- 
ably have a more pronounced effect than an au- 
tumnal increase. Preliminary results also indicate a 
mechanical effect of suspended material, producing 
earlier hatching compared to unexposed eggs. This 
seems to be most important when hatching occurs 
at temperatures (below 5 C). Further studies are 
now being carried out on egg development at low 
temperatures and the factors which induce hatch- 
ing. (See also W89-01736) (Lantz-PTT) 
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COMPARISON OF FIELD AND LABORATO- 
RY BIOACCUMULATION OF ORGANIC AND 
INORGANIC CONTAMINANTS FROM BLACK 
ROCK HARBOR DREDGED MATERIAL, 
Environmental Research Lab., Narragansett, RI. 
J. L. Lake, W. Galloway, G. Hoffman, W. Nelson, 
and K. J. Scott. 

Available from the National Technical Information 
Service, Springfield, VA. 22161 as AD-A197 118. 
Price codes: A10 in paper copy; AO1 in microfiche. 
Technical Report No. D-87-6, May 1988. Final 
Report. 194p, 53 fig, 236 tab, 38 ref, 3 append. 


Descriptors: *Bioaccumulation, *Inorganic com- 
pounds, *Black Rock Harbor, *Dredging, *Water 
pollution effects, *Path of pollutants, *Organic 
compounds, Tissue analysis, Biological studies, 
Polychlorinated biphenyls, Aromatic compounds, 
Hydrocarbons, Bivalves, Bioassay, Polychaetes, 
Connecticut, Comparison studies. 


The utility of laboratory tests for predicting bioac- 
cumulation of contaminants in the field was evalu- 
ated by comparing the identities, relative abun- 
dances, and quantities of organic and inorganic 
contaminants accumulated by organisms exposed 
to dredged material in both laboratory and field 
studies. The organisms used were Mytilus edulis (a 
filter-feeding bivalve) and Nephtys incisa (a 
benthic polychaete). These organisms were ex- 
posed in the laboratory and in the field to a con- 
taminated dredged material from Black Rock 
Harbor (BRH), Connecticut. Similar pattern (rela- 
tive abundances of constituents within a sample) 
and concentration changes for polychlorinated bi- 
phenyls (PCBs), and concentration changes for 
some polycyclic aromatic hydrocarbons (PAHs) 
and the pesticide ethylan, were observed in resi- 
dues from M. edulis exposed to BRH material in 
the laboratory or from field exposure to BRH 
material at stations near the disposal site. The 
similarity of these changes indicated a relationship 
between the laboratory and field bioaccumulations 
for M. edulis. Relationships were found in the 
patterns and concentrations of PCBs and PAHs in 
residues in N. incisa exposed in the laboratory and 
in the field. No relationships between laboratory 
and field exposures could be found for metals 
accumulated in N. incisa. The laboratory-to-field 
relationships found in this study demonstrate that 
properly designed laboratory exposure tests have 
utility for predicting the identities and patterns of 
PCB and PAH contaminants accumulated in some 
field-exposed organisms. (Lantz-PTT) 
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PERSISTENCE OF BIOLOGICALLY ACTIVE 
COMPOUNDS IN SOIL, 

Wyoming Univ., Laramie. Dept. of Plant Science. 
For primary bibliographic entry see Field 5B. 
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COMMUNITY TOXICITY TESTING. 

A symposium sponsored by ASTM Committee D- 
19 on Water, Colorado Springs, Colorado, May 6- 
7, 1985. American Society for Testing and Materi- 
als, Philadelphia, Pennsylvania. ASTM Special 
Technical Publication 920, 1986. 350p. Edited by 
John Cairns. 


Descriptors: *Toxicity, *Water pollution effects, 
*Testing procedures, *Bioassay, Water quality, Bi- 
ological studies, Errors, Ecosystems. 


Community level toxicity tests are discussed in this 
symposium. The tests may be carried out under a 
variety of circumstances and an example is given 
of a surrogate for a community level test. Toxicity 
testing at this particular level of biological organi- 
zation has a number of advantages. One of the 
possibilities accompanying the development of 
community level toxicity testing is that of avoiding 
the use of application factors. Although communi- 
ty level toxicity testing is now being used for 
practical purposes, it is not the intent of the book 
to espouse the use of community level testing in all 
situations or to replace single-species tests that are 
the best source of information on growth, repro- 
ductive success, behavior, and a variety of other 
end points. (See W89-01783 thru W89-01799) 
(Lantz-PTT) 

W89-01783 


SOME METHODS FOR MEASURING EF- 
FECTS OF TOXICANTS ON LABORATORY- 
AND FIELD-COLONIZED ESTUARINE 
BENTHIC COMMUNITIES, 

Environmental Research Lab., Gulf Breeze, FL. 
M. E. Tagatz. 

IN: Community Toxicity Testing. A Symposium 
Sponsored by ASTM Committee D-19 on Water, 
Colorado Spring, Colorado, May 6-7, 1985. Ameri- 
can Society for Testing and Materials, Philadel- 
phia, Pennsylvania. ASTM Special Technical Pub- 
lication 920, 1986. p 18-29, 1 fig, 4 tab, 17 ref. 
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Effects of toxicants on estuarine macrobenthic ani- 
mals that developed in sand-filled boxes in the 
laboratory and field during eight weeks were de- 
termined by comparing community structures in 
control boxes and in boxes treated with a toxicant. 
Boxes were colonized in the laboratory by plank- 
tonic larvae in continuously supplied unfiltered 
seawater and in the field by animals that occurred 
naturally. Field boxes were placed in estuarine 
waters, either near the laboratory or at salt-marsh 
sites subjected to contamination by mosquito con- 
trol pesticide applications. Eight separate studies 
were conducted using the same test materials in 
laboratory and field tests. Communities that devel- 
oped were diverse and averaged 1441 individuals, 
30 species, and 6 phyla for laboratory tests and 933 
individuals, 51 species, and 8 phyla for field tests. 
Toxicants were introduced via water, air, or sedi- 
ment and before, during, or after colonization. 
Tests with laboratory- and field-colonized commu- 
nities provided corroborating data as well as data 
unique to each test. Various structural attributes 
among laboratory, experimental field, and natural 
field communities were similar, indicating that data 
derived from the laboratory and field toxicity tests 
can have good environmental applicability. (See 
also W89-01783) (Author’s abstract) 
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COMPARISON OF ESTIMATES OF HAZARD 
DERIVED AT THREE LEVELS OF COMPLEX- 
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Virginia Polytechnic Inst. and State Univ., Blacks- 
Me Center for Environmental Studies. 

. Niederlehner, J. R. Pratt, A. L. Buikema, 
and J. Cairns. 
IN: Community Toxicity Testing. A Symposium 
Sponsored by ASTM Committee D-19 on Water, 
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can Society for Testing and Materials, Philadel- 
= Pennsylvania. ASTM Special Technical Pub- 
ication 920, 1986. p 30-48, 1 fig, 8 tab, 53 ref. 
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Cadmium concentrations constituting a threat to 
aquatic ecosystems were predicted from data col- 
lected at two levels of biolo _— hierarchy. A 
population-level estimate was derived from single- 
species toxicity test data, and a community-level 
estimate was derived from toxicity tests on proto- 
zoan communities. Estimates were compared with 
each other and with an ecosystem-level estimate 
derived from reports of ecological health and am- 
bient cadmium levels in rivers, lakes, and streams. 
Estimates of permissible acute concentrations dif- 
fered by an order of magnitude. Single-species 
toxicity test data suggested that 42 micrograms 
Cd/L would affect 5% of taxa. The corresponding 
estimate from the community-level test was 459 
micrograms Cd/L. Similar estimates of permissible 
chronic concentrations were not significantly dif- 
ferent (0.82 and 0.20 micrograms Cd/L, single- 
species and community-level tests, respectively). 
Both estimates of permissible chronic concentra- 
tions fell within a rational range, the minimum 
defined by median cadmium concentrations in 
healthy aquatic systems (0.05 micrograms Cd/L) 
and the maximum defined by median cadmium 
concentrations in damaged systems (9.2 micro- 
grams Cd/L). (See also W89-01783) (Author’s ab- 
stract) 
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SEA URCHIN: BIOASSAY FOR THE ASSESS- 
MENT OF DAMAGE FROM ENVIRONMEN- 
TAL CONTAMINANTS, 
National Cancer Inst., 
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G. Pagano, M. Cipollaro, G. Corsale, A. Esposito, 
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IN: Community Toxicity Testing. A Symposium 
Sponsored by ASTM Committee D-19 on Water, 
Colorado Spring, Colorado, May 6-7, 1985. Ameri- 
can Society for Testing and Materials, Philadel- 
phia, Pennsylvania. ASTM Special Technical Pub- 
lication 920, 1986. p 66-92, 9 fig, 8 tab, 68 ref. EEC 
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The sea urchin test system has been determined to 
be an extremely informative bioassay for pollut- 
ants, occurring as individual or as mixtures of 
xenobiotics. Harmful agents may be identified and 
characterized biologically to given an integrated 
set of data dealing with several key events, such as 
fertilization, mitotic activity, and embryogenesis. 
This study was carried out on some inorganic 
pollutants (Cd(II), Cu(II), Zn(II), and Se(IV)) and 
their mixtures. Sublethal pH changes were taken 
into account as an additional stressor, capable of 
influencing the toxicities of tested agents. The ex- 
periments were performed on Paracentrotus livi- 
dus sperm and embryos, and on Echinus esculentus 
sperm. The results showed distinct patterns of em- 
bryotoxicity for the agents tested, which resulted 
in developmental defects as relatively high levels 
(> 0.00001 kmol/cu m) for Cd(II) and Se({IV), 
whereas the embryotoxic effects of Cu(II) and 
Zn(II) were exerted at lower concentrations (5 
times 10 to the -7th power kmol/cu m) close to 
their natural seawater levels. Cytogenetic analysis 
of exposed embryos failed to reveal any morpho- 
logical or quantitative changes in mitotic activity, 
at embryotoxic levels of all tested contaminants. 
The fertilization success of exposed sperm showed 
peculiar dose-response changes, as a result of the 
specific contaminant levels and of the simultaneous 
presence of other contaminants. Specifically, slight 
increases in Cd(II) or Cu(II) levels enhanced fertil- 
ization success, up to critical levels (10 to —— tte 
power to 10 to the -6th power kmol/cu m); how 

ever, further increases in t metal ion concen- 
trations led to a drop in fertilization success. The 
simultaneous presence of Zn(II) or Se(IV) dramati- 
cally changed the dose-response patterns, depend- 
ing on the different mixtures and the test species. 
(See also W89-01783) (Lantz-PTT) 
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PRELIMINARY RESULTS OF INTERLABOR- 

ATORY TESTING OF A STANDARDIZED 

AQUATIC MICROCOSM, 

Washington Univ., Seattle. Coll. of Ocean and 
Sciences. 
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IN IMMUNITIES, 
Oak Ridge National Lab., TN. Environmental Sci- 
ences Div 


J. M. Giddings. 

IN: Community Toxicity Testing. A Symposium 
Sponsored by ASTM Committee D-19 on Water, 
Colorado Spring, Colorado, May 6-7, 1985. Ameri- 


can Society for Testing and Materials, Philadel- 
phia, Pennsylvania. A Special Technical Pub- 
lication 920, 1986. p 121-134, 2 fig, 16 ref. DOE 
Contract DE-AC05-840R21400. 
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Ponds, Ecological effects. 


A method is described for determining safe levels 
of chemical exposure in shallow-water communi- 
ties, using laboratory microcosms as test subjects. 
The safe level is considered to be the maximum 
exposure that causes no persistent, ecologically 
significant changes in the ecosystem. Shallow 
freshwater communities in ponds, lakes, and rivers 
are good experimental subjects for research on 
contaminants, and environmental ' toxicologists 
have measured their responses to a variety of 
chemicals. Certain patterns of community effects 
have been observed, including a decline in net 
primary production or the production: respiration 
ratio, concomitant changes in water chemistry, and 
changes in community composition brought about 
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Effects Of Pollution—Group 5C 


by interactions among sensitive and resistant popu- 
lations. Details of microcosm construction, tech- 
niques for monitoring ecological variables in mi- 
crocosms, and an experimental design for deter- 
mining safe exposure levels are provided. The mi- 
crocosms are assembled by transferring compo- 
nents of natural ecosystems to 80L aquaria in a 
controlled laboratory environment. The communi- 
ties that develop in these systems are typically 
dominated by common, cosmopolitan littoral spe- 
cies of macrophytes, algae, and invertebrates. 
Methods are described for measuring changes in 
water chemistry, phytoplankton, periphyton, ma- 
crophytes, zooplankton, and ecosystem production 
and respiration. By monitoring these variables over 
a gradient of pollutant exposure levels, the safe 
level can be determined accurately and precisely. 
(See also W89-01783) (Lantz-PTT) 
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COMPARISON OF MIXED FLASK CULTURE 
AND STANDARDIZED LABORATORY 
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Minnesota Univ.-Duluth. Dept. of Biology. 
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pie. Pennsylvania. A Special Technical Pub- 
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pesticides on process. 
reproducibility of hazard = fhe cmp was evaluated in 
sequential experiments with the same microcosm 
inoculum, and simultaneous experiments usin, —— _ 
sets of microcosms with taxonomically di 
community inocula, but the same major Pnece sew 
groups present (i.e., primary producers, grazers, 
detritivores, and decomposers). Based on an inte- 
grated measure of s response, relative impact, 
which accounts for both the magnitude and dura- 
tion of displacement of defined treatment effects 
from the normal range of control system functions, 
these generic test systems were remarkably consist- 
ent in ranking pesticide impacts on community 
metabolic activities. (See also W89-01783) (Au- 
thor’s abstract) 
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INTERPRETATION OF HEAVY METAL POL- 
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Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5C—Effects Of Pollution 


The analysis of several closely related species, a 
guild, may be a practical and informative tech- 
nique for studying the ecological effects of toxic 
substances. The five criteria of taxonomic simplici- 
ty, commonness, sensitivity, available literature, 
and laboratory practicality define guilds appropri- 
ate for community toxicity testing. As an example, 
the benthic macroinvertebrate community and a 
guild of three coexisting species of the caddisfly 
larva, Hydropsyche, were analyzed along a Swed- 
ish river, Kolbacksan, with a history of heavy 
metal pollution. There was an increase in the rela- 
tive proportion of early instar H. siltalai within the 
guild with increasing heavy metal pollution. The 
increase in early instar H. siltalai was correlated 
with a decrease in later instar H. pellucidula. More 
severe disturbances resulted in the removal of H. 
pellucidula and a reduction in H. siltalai density, 
while the more tolerant species, H. angustipennis, 
remained unchanged. Analysis of the guild leads to 
the conclusion that metal pollution not only elimi- 
nates species and reduces population density but 
changes interspecific interactions among members 
of the guild. (See also W89-01783) (Author’s ab- 
stract) 
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IMPACT OF DRILLING FLUIDS ON SEA- 
GRASSES: AN EXPERIMENTAL COMMUNI- 
TY APPROACH, 
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Clark, and W. A. Price. 

IN: Community Toxicity Testing. A Symposium 
Sponsored by ASTM Committee D-19 on Water, 
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can Society for Testing and Materials, Philadel- 
phia, Pennsylvania. ASTM Special Technical Pub- 
lication 920, 1986. p 199-212, 2 fig, 4 tab, 22 ref. 
EPA Contract CR-811649. 
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Effects of a used drilling fluid on an experimental 
rass Community alassia testudinum Koni 

et Sims) were measured by exposing the communi- 
ty to the suspended particulate phase (SSP) in 
laboratory microcosms. Structure of the macroin- 
vertebrate assemblage, growth and chlorophyll 
content of grass and associated epiphytes, and rates 
of decomposition as indicated by weight loss of 
grass leaves in treated and untreated microcosms 
were compared. Health of the plants and structure 
of the macroinvertebrate assemblage maintained in 
the laboratory were compared periodically with 
the seagrass community from which the plants and 
attendant sediment were taken. Treated micro- 
cosms were exposed to either 190 parts per million 
(ppm), volume to volume, of SPP or an equivalent 
amount of montmorillonite clay. Untreated micro- 
cosms received only flowing water from Santa 
Rosa Sound. Sixteen replicates were provided for 
each treated and untreated set. Sensitivity of the 
community compared well with sensitivity of 
single species tested with the same drilling fluid for 
shorter periods of time. In other toxicity tests with 
marine organisms and drilling fluids, there was a 
direct correlation between toxicity and concentra- 
tion of diesel oil. Thus, diesel in the drilling fluid 
probably contributed to effects on the structure 
and function of the microcosms. This was evident 
in the degradation rate of seagrass, where a signifi- 
cant effect was measured with drilling fluid but not 
in the clay treatment. The role of diesel was less 
clear in the reduction of numbers of macroinverte- 
brates, where both drilling fluid and clay treat- 
ments had similar effects. (See also W89-01783) 
(Lantz-PTT) 
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SIMPLE IN-STREAM TEST OF LABORATORY 
FINDINGS THAT NTA PROTECTS FISH AND 
—_— AGAINST COPPER AND 
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IN: Community Toxicity Testing. A Symposium 
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can Society for Testing and Materials, Philadel- 
phia, Pennsylvania. ASTM Special Technical Pub- 
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The chelating agent NTA (nitrilotriacetic acid) 
eliminated acute lethality of zinc and copper 
during 4 days of experimental dosing in a small 
creek. Caged salmon died in 4 h in the ‘polluted’ 
zone, where added metals were 4 to 7 times the 
lethal threshold and dead wild eels were also 
found. Downstream, with equi-molar NTA added, 
caged fish survived without marked signs of stress, 
and normal behavior of a wild eel was noted. 
Benthic invertebrates were much more tolerant of 
metals than anticipated, and subtle changes in the 
community could not be documented by the delib- 
erately minimal design of the experiment (pairs of 
Surber samples before and after treatment). The 
only demonstrated change in numbers was the 
virtual disappearance of blackfly larvae in the pol- 
luted zone, with no change in the control and anti- 
polluted zones. Cluster analysis of benthic samples 
also suggested effectiveness of NTA; the two pol- 
luted samples were distinct from a grouping which 
contained all other samples (‘clean,’ ‘before,’ and 
‘antipolluted’). No effects were demonstrated for 
diversity index, genera, or total numbers. As a 
side-issue, the experiment demonstrated that imma- 
ture stoneflies and caddisflies, but not blackflies, 
can survive for 4 days in concentrations of zinc 
and copper that are at least 4 times the lethal level 
for salmonid fish. The relative tolerances of other 
taxa were uncertain because of small sample size, 
high variance, and few replicates. (See also W89- 
01783) (Author’s abstract) 
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The effects of a cationic surfactant were evaluated 
in field experiments with natural algal assemblages 
to validate the laboratory toxicity data base. Re- 
sponse parameters monitored in studies of 3 h to 21 
days duration included structural and functional 
community characteristics in addition to more 
standard growth measurements. Photosynthesis 
and community similarity were typically the more 
sensitive parameters and a diversity index the least 
sensitive. The median effective concentration (EC 
sub 50) values based on phytosynthetic activity 
ranged from 0.4 to 6.1 mg/L. Phytoplankton were 
first affected in situ between 0.03 and 1.99 mg/L, 
relative to an effect level between 0.21 and 0.96 
mg/L for periphyton. Periphyton colonized and 
exposed in river water containing 25% effluent 
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were first affected at 6.9 mg/L. A mean in-stream 
concentration of 0.25 mg/L had no adverse effect 
on the indigenous periphyton of a small Indiana 
stream based on comparison of three-week pre- 
and post-exposure community analysis. Rapid bio- 
degradation was observed in the field experiments. 
The field-derived effect concentrations were com- 
pared with those determined in standard laborato- 
ry toxicity tests for four cultured algal species. The 
laboratory first-effect and EC sub 50 levels for 
these single species were typically lower. Overall, 
the multispecies tests proved valuable in providing 
perspective on the potential for an environmental 
impact from this surfactant that could not be dem- 
onstrated in the laboratory using current standard 
testing methodologies. (See also W89-01783) (Au- 
thor’s abstract) 
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Enclosures of three sizes (large, 1000 cu m; 
medium, 125 cu m; small, 20 cu m) designed and 
constructed specifically to facilitate the evaluation 
of the impact of pesticides in freshwater ecosys- 
tems are described. Uniform mixing of permethrin 
in a corral was possible within an hour using a 
pump system that had no adverse effects on en- 
trapped organisms. Methyoxychlor applied to sur- 
face waters with a back-pack spray system pene- 
trated the column of water within 24 h. Both 
application methods produced replicable concen- 
trations close to the desired nominal concentration. 
As a result of the impact of permethrin (0.5 and 5.0 
micrograms/L) and methoxychlor (5 and 50 mi- 
crograms/L), densities of macrozooplankton popu- 
lations decreased and rotifer populations increased 
in numbers. As the macrozooplankton populations 
recovered, rotifer numbers decreased. The large 
corrals possessed a distinctive edge zone that ex- 
tended 1.0 m from the corral wall and was usually 
characterized by greater densities of macrozoo- 
plankton than the center zone. No such edge zone 
existed in the small or medium corrals. The authors 
recommend that the spatial distribution of zoo- 
plankton in each size of corral be defined before 
establishing a sampling regime; thus more precise 
population estimates may be attained. The impact 
of methoxychlor on enclosed zooplankton popula- 
tions differed in the three sizes of limnocorrals. 
The toxicity of 20 micrograms methoxychlor/L to 
zooplankton increased with increasing size of 
corral, primarily because of the decreasing ratio of 
surface area of limnocorral walls to water volume. 
Methoxychlor adsorbs readily to polyvinyl chlo- 
ride; thus the concentration in the water of the 
larger enclosures was higher for a longer period of 
time than that in the smaller corrals. (See also 
W89-01783) (Author’s abstract) 
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While direct toxicant effects on populations can be 
estimated from single-species bioassay results, the 
complete range of population and community re- 
sponses can best be investigated at the ecosystem 
level. The objectives of this research were: (1) to 
determine the effects of a contaminant (a coal- 
derived light distillate oil) on the zooplankton 
communities of laboratory pond microcosms and 
outdoor experimental ponds; (2) to compare re- 
sponses of microcosm and field zooplankton com- 
munities with each other and with laboratory bio- 
assay data; and (3) to explore the use of community 
structure data for impact detection. The responses 
of the microcosm and pond zooplankton communi- 
ties to oil treatment were quite similar. Their close 
agreement lends support for using shallow-water 
pond microcosms as surrogates for field experi- 
ments in hazard evaluation. Changes in cladoceran 
densities were the most sensitive indicators of 
stress in the zooplankton communities. Copepods 
were slightly less sensitive, and rotifers were least 
sensitive to oil treatment. Indirect effects on popu- 
lations were observed at intermediate treatment 
levels. The lowest treatment levels at which per- 
sistent and significant ecological changes occurred 
were the same in both systems. These levels were 
similar to the lowest observed-effect concentration 
for the Daphnia magna chronic bioassay, or a 
proximately 35 or the D. magna 48-h LC sub 50. 
Community structure responses were generally 
consistent between systems; however, sensitivity 
for detecting oil treatment effects varied greatly 
among the measures of community structure. Spe- 
cies richness and diversity measures were not as 
sensitive as individual species responses. Cluster 
and multivariate post-clustering analyses of com- 
munity similarity values reflected indirect effects 
and had sufficient sensitivity to allow early impact 
detection. An expanded principal components 
technique, which used both zooplankton and water 
quality data, was also relatively sensitive and 
would be applicable for routine monitoring. (See 
also ho 3) (Author's abstract) 
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A 4 C temperature differential was maintained 
between two model streams Steelhead trout 
(Salmo gairdneri) were introduced as embryos and 
retained for one year. The following year, steel- 
head and coho salmon (Oncorhynchus kisutch) 
were introduced as embryos and retained together. 
Macroinvertebrates and fish were sampled every 
three weeks. Primary production and respiration 
were estimated seasonally. Prey biomass and diver- 
sity, and the production, biomass, and numbers of 
steelhead and coho were generally lower in the 
heated stream than in the control stream. Produc- 
tion, biomass, and numbers of steelhead were 
lower than those of coho and lower when coho 
were present than when they were absent. It was 
concluded: (1) that moderate temperature eleva- 
tion can decrease the productivity of streams for 
steelhead and coho when food is limited; (2) that 
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coho might reduce the productivity of streams for 
steelhead more than temperature elevation might; 
and (3) that model stream results are more likely to 
corroborate single-species bioassays of fish fed lim- 
ited rations than of fish fed to repletion. (See also 
W89-01783) (Author’s abstract) 
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An inventory of known discharges of wastewater 
to wetlands in Illinois, Indiana, Michigan, Minne- 
sota, Ohio, and Wisconsin was performed. The 
results show that the use of natural wetlands for 
the discharge of treated wastewater is relatively 
common. However, the intentional inclusion of 
wetlands as part of the treatment process is rare. 
Both types of situations may become more attrac- 
tive due to economic factors. Although the short- 
term benefits of the use of natural wetlands for the 
disposal or treatment of ees ee 
ness, treatment efficiency, ) 
appear promising, the fog term ability vof these 
areas to treat wastewater is . The con- 
struction of artificial wetl $ for the treatment of 
wastewater would avoid any detrimental effects 
that might result from the use of natural wetlands 
and also could provide supplementary habitats for 
wetland wildlife and possibly reservoirs for rare 
species. Few animal-related studies have been per- 
formed at the small number of artificial wetland 
sites presently in existence; thus, the information 
base is too small and too short-term for any con- 
clusions to be drawn. (See also W89-01827) (Lantz- 
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Microorganisms occupy a _ central role in 


wastewater relations to public health. The follow- 
ing highlights summarize the state-of-knowledge of 
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microbiological health implications for wetland 
treatment systems: (1) Bacterial pathogens are well 
understood in wastewater environments. Orga- 
nisms of major concern to human health are Sal- 
monella spp., Shigella spp., Campylobacter fetus, 
and Leptospira spp. Of all the pathogens, bacteria 
are the most susceptible to conventional treat- 
ments; (2) Viruses of major concern to public 
health include hepatitis A virus, rotavirus, and 
enteroviruses, which are the major agents of wa- 
terborne disease in the United States. Traditional 
indicators of fecal pollution are not reliable indica- 
tors of viral pollution. Viruses tend to be more 
persistent in aquatic environments than bacteria, 
and no single virus may serve as a universal indica- 
tor of viral pollution. Improved techniques are 
required for the detection and enumeration of viral 
pathogens; (3) Microorganisms in wastewaters play 
an important role as detoxifying agents. However, 
the extent of pollutant detoxification in aquatic 
systems is not well understood; (4) Microorganisms 
also have the potential to transform relatively non- 
toxic compounds to toxic forms. The extent of this 
phenomenon in wastewater is not known; (5) Indi- 
rectly, microorganisms may contribute to detri- 
mental public health conditions in aquatic ecosys- 
tems. Hazardous metabolic wastes, such as nitrite, 
may potentially accumulate in the environment, or 
the microbial biomass may act as a source for the 
bioaccumulation of toxins in the wetlands food 
chain. (See also W89-01827) (Lantz-PTT) 
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A scheme of how a salt-marsh plant community 
may be structured is presented. It preliminary and 
simplified, but it does provide some important no- 
tions in regard to long-term effects of sewage 
contamination: (1) Any eutrophication that occurs 
will affect the balance among the components of 
salt-marsh biota; (2) Many of the mechanisms in- 
volved in the transition from one kind of patch to 
another take time, from less than a year to perhaps 
several years. In the field, the changes that follow 
eutrophication may consist of a chain of such 
transitions such that there will necessarily be a 
continuing string of changes over considerably 
long periods of time; (3) Even at the highest 
dosage of sewage fertilizer, detrimental effects to 
the plant species have not been found, even though 
the fertilizer used contains many elements and 
compounds that are potentially toxic. Perhaps salt- 
marsh plants, because of their adaptation to life in 
anaerobic substrates where, for example, metals are 
abundant, are tolerant of the presence of many 
kinds of toxic materials; (4) Since nutrient-enrich- 
ment experiments did not bring about the demise of 
organisms through toxic effects, it is very difficult 
to argue that this degree of eutrophication de- 
grades a salt-marsh community. Eutrophication 
can exert subtle but profound influence on the 
structure of communities, and many of the changes 
will take place over considerable periods of time. 
Manipulative approaches, such as applied here, are 
the most effective way to gain insight into the 
mechanisms involved and furnish the evidence 
with which to predict at least some of the conse- 
quences of eutrophication. (See also W89-01827) 
(Lantz-PTT) 
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The use of wetlands for treatment of wastewater is 
clearly an attractive alternative to construction and 
maintenance of advanced wastewater treatment 
plants. Several types of wetlands have been as- 
sayed for their ability to provide an acceptable 
level of treatment, and patterns are emerging to 
indicate which kinds of wetlands might be most 
suitable in different geographic regions. However, 
full-scale implementation of the use of both natural 
and artificial wetlands is proceeding more rapidly 
than is initiation of the additional careful, in-depth 
research projects needed to verify and round out 
the information that has already been collected. 
The responses of species composition and produc- 
tivity in plant communities to wastewater addition 
show no conspicuous pattern across the spectrum 
of ecosystems that has been considered in this 
workshop. Anoxia in the rhizosphere is probably 
the most stressful aspect of a wetland plant envi- 
ronment, and diversity usually decreases with 
longer anoxic period. Nutrient addition has a much 
more direct effect on gross primary productivity 
than on species composition. Intolerance of the 
existing plant community to a longer hydroperiod 
is probably the major factor involved in immediate 
changes that occur in wastewater-enriched wet- 
lands. High public health standards and shrinking 
energy supplies indicate that increasing use of nat- 
ural ecosystems will be necessary to absorb the 
wastes of growing populations. However, the need 
to understand and maintain the basic functions of 
natural ecosystems dictates that advances in this 
direction be made only with the greatest care and 
Ca (See also W89-01827) (Lantz-PTT) 
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Data on the effects on wildlife of wastewater 
inputs to wetlands are scarce. As a consequence, 
an attempt was made to examine the documented 
and predicted effects of wastewater on wetlands 
and then to interpret those effects in terms of their 
potential impact on wildlife. For convenience, 
wastewater effects on wetland ecosystems are cate- 
gorized into five major categories: (1) primary 
production, (2) plant community structure, (3) 
water regime, (4) pathogens, and (5) toxic chemi- 
cals. These categories are not mutually exclusive 
and there are important interactions among catego- 
ries, but each category serves to focus attention on 
a particular set of concerns. Considerations of the 
potential impacts of wastewater on wildlife in wet- 
lands has deliberately tended to emphasize the 
negative. Clearly, the potential for both positive 
and negative impacts on species or groups of spe- 
cies exists. Change is most likely, but that change 
may be good or bad depending on the circum- 


stances and the human value judgments of that 
time and place. Most worrisome are the potential 
problems with disease and toxic chemicals. Experi- 
ence to date suggests that nutrient additions, at 
least in the relatively short term, are not a problem 
for wildlife, except that the wildlife community 
will change as the plant community changes. (See 
also W89-01827) (Lantz-PTT) 
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It is proposed that ‘A major goal of applied aquatic 
toxicology is to be able to make a useful prediction 
concerning whether or not a specific addition of a 
toxic agent to a particular aquatic ecosystem will 
cause any unacceptable effect on that ecosystem.’ 
If this is a valid goal, it is important to the future of 
applied aquatic toxicology that biologists, ecolo- 
gists, toxicologists, and others concerned with en- 
vironmental protection reach some agreement con- 
cerning — ways of distinguishing between 
acceptable and unacceptable effects on aquatic 
ecosystems. Without a useful definition of ‘unac- 
ceptable effects,’ it is difficult to determine the 
validity of hazard assessments, water quality crite- 
ria, and tools for predicting effects. Definitions are 
discussed, and should be considered suggestions 
meant to illustrate some possibilities. Because they 
have a need for a definition, aquatic toxicologists 
should take the initiative and begin working with 
biologists, ecologists, and others concerned with 
environmental protection to reach some agreement 
concerning an appropriate operational definition of 
unacceptable effects on aquatic ecosystems. (See 
also W89-01892) (Lantz-PTT) 
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Single species toxicity tests, microcosm toxicity 
tests, and ecosystem level field studies all have 
their advantages and limitations in determining the 
effect of a toxicant on an ecosystem. In spite of 
their limitations, laboratory toxicity studies are 
necessary for gaining autecological insights to how 
organisms respond. Microcosm tests are a first 
approximation to how an ecosystem might respond 
to the intrusion of a toxicant. Population, commu- 
nity, and ecosystem level field studies are neces- 
sary to interpret laboratory findings from single 
species and microcosm tests in light of the field 
realities. (See also W89-01892) (Author’s abstract) 
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The capability to predict the environmental fate of 
chemicals based on their chemical properties is 
well developed and widely practiced. Poorly de- 
veloped, however, is the capability to predict the 
effects of those chemicals. To address this deficien- 
cy, significant effort has been directed to the cre- 
ation of mathematical models to predict the effects 
of toxicants in aquatic systems. These models con- 
sist of two parts: an ecological component and a 
toxicological component. The ecological compo- 
nents are organized at levels of integration and 
resolution intended to be relevant to the kinds of 
expected problems and questions to be addressed in 
determining whether to permit or prohibit the use 
of a new chemical. Models of systems in which the 
organisms are assumed to have reached steady 
state with respect to the level of toxicant are at a 
fine scale of resolution. A toxicological model in 
corresponding detail is associated with each level 
to provide predictions of effects. This model as- 
sumes for all levels that a common threshold con- 
centration exists at which the organism dies. With 
this assumption, a model for exchange with the 
environment and assumptions of rapid internal dis- 
tribution of the toxicant, the time to death for an 
individual depends on the fraction of its body 
comprised of fat. Probability of death by the end of 
a fixed exposure time is a function of the statistical 
distribution of the fraction of fat in the organisms’ 
bodies. (See also W89-01892) (Author’s abstract) 
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The current research takes advantage of multi- 
dimensional isocline graphical methods to describe 
competition for resources. These models proved 
useful based on the assumption that the toxin im- 
pacts the efficiency of at least one metabolic path- 
way. This loss of efficiency subsequently trans- 
forms the consumption vector and causes an in- 
crease in the minimum levels of resources needed 
to result in a zero net growth of the population. 
The models produced a variety of results. Regions 
of equilibria expanded, contracted, or shifted to 
new regions of the resource space. Interestingly, 
conditions that produced the largest regions of 
competitive equilibria are similar to conditions that 
theoretically could lead to extinction of a species. 
Spatial and temporal heterogeneity also masked 





the impact of a toxin from indexes of diversity or 
other measures of community structure. The 
impact of a toxin was also dependent on the class 
of resource (substitutable, essential, switching, etc.) 
affected. Genetic diversity could also be added as a 
component to the system. Higher order trophic 
interactions were also modeled. A two-dimensional 
resource space can be altered to include the 
growth rate of the populations being modeled as 
the third axis. The resource supply for the next 
trophic level can then be calculated. Effects of the 
addition of the toxicant can then be followed 
through the organization of a biological communi- 
ty. An important aspect of this particular approach 
is that the models are deterministic and the data 
necessary to construct the graphics can be ob- 
tained experimentally. The models also point to 
severe shortcomings in the toxicity assays. In acute 
assays, reproductive parameters are not addressed. 
Common reproductive assays do not look at the 
effects of varying resource levels. A major use of 
the model can be in the design of toxicity testing 
methods to predict community-level effects. (See 
also W89-01892) (Author’s abstract) 
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The most direct and realistic approach to quantify- 
ing ecosystems is to measure their supporting net- 
works of flows of materials and energy. The 
growth and development of such networks may be 
quantified by applying information theory to the 
data on flows. Once development has been formal- 
ized, other subjective notions, such as ‘eutrophica- 
tion’ and ecosystem ‘health,’ take on more precise, 
quantitative significance. (See also W89-01892) 
(Author's abstract) 
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Assessments of ecological risks associated with 
toxic contaminant releases necessarily involve ex- 
trapolation from observed responses of simplified 
laboratory systems to predicted responses of com- 
plex natural systems. Evaluated here is the utility 
of population and ecosystem theory for making 
these extrapolations, based on: (1) the success of 
the theory when applied to other environmental 
assessment and resource management problems, 
and (2) the degree of scientific consensus concern- 
ing the appropriate approaches to modeling popu- 
lations and ecosystem. The applications reviewed 
include fisheries management, water quality assess- 
ment and management, and power-plant-impact as- 
sessment. The authors conclude that neither popu- 
lation nor ecosystem theory can now provide 
models that accurately predict the long-term eco- 
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logical consequences of toxic contaminant releases. 
However, how short-term effects of toxic contami- 
nants on fish populations can be projected by use 
of models employed in fisheries management is 
illustrated. Further, shown is how ecosystem 
theory can, in spite of its relative immaturity, make 
immediate contributions to understanding the qual- 
itative responses of complex ecological systems to 
toxic contaminants. (See also W89-01892) (Au- 
thor’s abstract) 
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The Pacific Northwest Laboratory conducted lab- 
oratory simulations of fish passage through a 
heated-water discharge to assess the potential for 
direct and indirect mortalities to Columbia River 
fish. Laboratory simulations provided better data 
for assessment than was available in the published 
literature and was more specific to the assessment 
criteria than was possible with data collected from 
in-plume exposures of fish or field monitoring of 
fish populations near the outfall. The simulation 
was conducted with chinook salmon, coho salmon, 
steelhead, and northern squawfish. Simulations 
were conducted in aquaria plumbed to receive and 
discharge heated water that simulated the thermal 
conditions a fish would encounter swimming 
downstream through the plume. The rate of ex- 
change for the water and the initial temperature 
were varied to simulate conditions through differ- 
ent portions of the plume and for different river 
flows. Fish that survived passage through the 
plume were subjected to predators or to an infec- 
tious disease organism to test for the possibility of 
indirect mortality from thermal stress. Fish were 
able to survive passage through a plume where the 
initial increase in water temperature was 16 C 
above ambient. The maximum ambient water tem- 
perature tested was 18.3 C, which is the maximum 
temperature expected near the discharge. The fish 
that survived the thermal stress were not suscepti- 
ble to increased predation or disease. (See also 
W89-01892) (Author’s abstract) 
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Effects Of Pollution—Group 5C 


Heliophrya sp. readily attaches to artificial sub- 
strates, is convenient for manipulation in the lab or 
field, and survives on a monthly feeding of ciliates. 
Plastic petri dishes with 20 Heliophrya in repli- 
cates were placed at three stations along a tribu- 
tary (Hickey Run) of the Anacostia River that 
received chronic oil pollution. One station in a 
tributary of Hickey Run with minimal pollution 
was considered the control. Oil concentrations in 
field and laboratory water samples were deter- 
mined using gas chromatography and gas chroma- 
tography/mass spectrometry. The dominant aro- 
matic hydrocarbons were ethyl and methyl ben- 
zenes, ethyl and methyl napthalenes, indenes, bi- 
phenyls, and phenanthrenes. The dominant n-al- 
kanes fell in the C7 to C22 range. In a 48-h field 
study, death of Heliophrya at the polluted stations 
in Hickey Run was not significantly greater than at 
the control station in the tributary. Daphnia pulex 
was eliminated at all three polluted stations, but 
had a mean survival of 80% (s = 14.1) at the 
control station. A 48-h lab study using dilutions 
from the most polluted station produced a similar 
mortality response for Heliophrya. In the 48-h lab 
study, the Daphnia LC sub 50 was 786 ppb of total 
hydrocarbons. Following anhydrobiosis, Helioph- 
rya were more susceptible to hydrocarbons, sug- 
gesting two levels of sensitivity for the same orga- 
nism. Heliophrya exposed for seven days in the 
field had estimated LC sub 50s of 1.0 ppm for 
aromatic and 28.9 ppm for total hydrocarbon con- 
centrations. Heliophrya provides a companion bio- 
monitor for Daphnia in field and laboratory stud- 
ies, with Daphnia the acute time span biomonitor 
and Heliophrya the biomonitor for chronic studies. 
The ability of Heliophrya to permanently attach to 
a substratum, starve for up to a month, and resist 
physical damage supports its use as a companion 
biomonitor to the more sensitive Daphnia. (See 
also W89-01892) (Lantz-PTT) 
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Historically, treatment and, therefore, compliance 
activities associated with wastewater treatment fa- 
cilities have focused on conventional pollutants. 
Whereas this approach has enhanced the protec- 
tion of water quality, it has not intensively ad- 
dressed the problems of toxic pollutants. The 
Water Quality Program in North Carolina has 
redirected and increased activities addressing the 
issue of toxic discharges. Biological approaches 
that include ecological studies and aquatic toxico- 
logical evaluations have proven to be useful tools 
in the determination of impacts to aquatic ecosys- 
tems. These approaches applied concurrently with 
analytical determinations have resulted in a more 
effective compliance program and have received 
substantial support from administrative officials, 
regulators, industry, and municipalities. (See also 
W89-01892) (Author's abstract) 
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A series of laboratory pulse-exposure experiments 
were conducted to model short-term field expo- 
sures of two representative estuarine crustaceans, 
Penaeus duorarum and Mysidopsis bahia, to the 
organophosphate insecticide fenthion. These tests 
established acutely lethal and nonlethal concentra- 
tions during pulse exposures. The data were neces- 
sary for interpretation of responses of test animals 
in the field when fenthion concentrations changed 
rapidly with time. The toxicity of fenthion to 
caged pink shrimp, mysids, and sheepshead min- 
nows was determined in the field following two 
aerial applications separated by 72 h, to control 
adult saltmarsh mosquitoes. At one estuarine site, 
initial concentrations of fenthion in water were 1.5 
micrograms/L following Spray 1 and 0.29 micro- 
grams/L after Spray 2. Within 12 to 24 h, howev- 
er, fenthion was not detectable (< 0.02 micro- 
grams/L) because of rapid tidal flushing and high 
dilution at this site. Although initial exposures ap- 
proached or exceeded laboratory 24-h LC sub 50s 
for pink shrimp (0.40 micrograms/L) and mysids 
(0.42 micrograms/L), no mortality occurred 
among caged animals. At a second site along a 
residential saltwater canal with limited tidal flush- 
ing and dilution, initial concentrations of fenthion 
were 2.6 micrograms/L (Spray ) and 0.5 micro- 
grams/L (Spray 2) and continued to diminish 
during the next 48 to 72 h. These concentrations 
approximated the 48- and 72-h LC sub 50s for pink 
shrimp (0.22 micrograms/L and 0.15 micrograms/ 
L) and mysids (0.37 micrograms/L and 0.18 micro- 
grams/L). All exposure concentrations were three 
orders of magnitude below the 24-h LC sub 50. 
The responses of caged pink shrimp and mysids 
exposed to slowly changing concentrations of 
fenthion in the field were similar to what would 
have been predicted based on laboratory tests that 
established 24-, 48-, and 72-h LC sub 50s. (See also 
W89-01892) (Lantz-PTT) 
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The Office of Toxic Substances’ has created a plan 
for evaluating the risks of genetically engineered 
organisms subject to the Toxic Substances Control 
Act. The events in the risk assessment process, the 
categories of information needed for the assess- 
ment, and underlying principles are identified and 
discussed. Major features of the plans are: (1) the 
overall components of the review, such as hazard, 
exposure, and benefit assessment, are analogous to 
those for conventional products; (2) despite the 
lack of standardized risk assessment techniques, 
sufficient information exists to conduct case-by- 
case reviews; (3) until standardized techniques are 
developed, each product will be subject to a de- 
tailed review on a case-by-case basis; (4) data needs 
will be flexible and will depend upon the charac- 
teristics of the particular product under review; (5) 
due to the interdependence of information, trade- 
offs can be made; (6) prenotice consultations will 
significantly expedite the review process; and (7) 
different combinations of nonagency experts will 
assist in each product assessment. (See also W89- 
01892) (Author's abstract) 
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Environmental risk assessment performed for 
chemicals involves exposure assessment, effects as- 
sessment, and risk integration. The nature of living 
microorganisms (growth, replication, and surviv- 
al), as compared to chemicals, requires that their 
biological attributes be integrated into risk assess- 
ment. A study to assess the state of the art of 
exposure models for organisms and microorga- 
nisms in air, soil, and water was undertaken. Math- 
ematical models developed during the past 15 
years were organized into three categories: orga- 
nism population dynamics, source features and 
transport, and management and control. One hun- 
dred forty-eight models were examined, and 56 
were judged to have potential as exposure models. 
These 56 were screened to 31 models that were 
evaluated against eight components that the ideal 
biotechnology model should have: (a) five state/ 
process components (organism population, source 
application, exposure site, movement, and imposed 
management); and (b) three software components 
(use friendliness, availability/implementability, and 
flexibility). Each model was rated by individual 
components, combinations of two components, and 
total state/process components. An ideal exposure 
assessment model with high scores in all compo- 
nents was not found. Combining one or more 
models so that the strong components of one com- 
pensate for the weak components of another was 
concluded to be the best approach for obtaining a 
predictive model for microorganisms. Potential 
couplings were ascertained from among the 31 
models. Most of these couplings would combine an 
organism population dynamics model with a model 
from the U.S. EPA’s Graphical Exposure Model- 
ing System (source and transport oriented models). 
(See also W89-01892) (Lantz-PTT) 
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Recent work at a deep ocean dump site off the 


coast of Puerto Rico has shown that changes in the 
microbial populations of the receiving waters can 


be detected, that is, changes in bacterial communi- 
ty structure, over and above seasonal effects, have 
been documented. Microbial impact of the dump- 
ing of wastes occurs at three levels that can be 
measured. These include the initial effects at the 
time of dumping, followed by sustained communi- 
ty structural changes, and finally, genetic modifica- 
tion of the natural population evidenced by in- 
creased incidence of plasmids. The ocean dumping 
studies were augmented by examination of the 
incidence of plasmids in bacteria isolated from 
samples collected at other locations in the Atlantic 
Ocean, including outfall samples collected at Bar- 
celoneta, Puerto Rico, off shore samples collected 
at an outfall off Ocean City, MD, and a clean 
unpolluted site. The incidence of plasmids could be 
significantly and dramatically related to influx of 
sewage. Thus, environmental changes already 
occur as a result of entrance of allochthonous 
material into the marine environment. It is clear 
that baseline measurements are necessary to deter- 
mine genetic alteration already taking place, before 
effects of entry of genetically engineered orga- 
nisms to the marine environment can be deter- 
mined. (See also W89-01892) (Author's abstract) 
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Benzo(a)pyrene was metabolized by the stomach 
and hepatopancreas of blue crabs (Callinectes sapi- 
dus). Microsomes from the stomach showed high 
aryl hydrocarbon hydroxylase (AHH) activity 
while those from the hepatopancreas showed low 
AHH activity, due to release of an AHH inhibitor 
during tissue extraction. Stomach microsomes, me- 
tabolized 14-C-benzo(a)pyrene to a series of dihy- 
drodiols, phenols, and quinones, including 9, 10-, 4, 
5-, and 7, 8-dihydrodiol benzo(a) pyrene, 9- 
hydroxybenzo(a)pyrene, 3- 
hydroxybenzo(a)pyrene, and quinones. The major 
metabolite was 3-hydroxybenzo(a)pyrene. Cytoch- 
rome P-450, one of the components of the AHH 
system, was found in microsomes of both stomach 
and hepatopancreas. The cell types found in the 
hepatopancreas were isolated and separated. Cy- 
tochrome P-450 was found in a mixture of F- and 
B-cells but was absent in R-cells. The F- and B- 
cells are though to function in protein synthesis 
and enzyme secretion. One major and two minor 
forms of cytochrome P-450 were partially purified 
from blue crab hepatopancreas microsomes. The 
major form in a reconstituted enzyme system was 
active in oxidizing benzo(a)pyrene to a series of 
phenols and diols. (See also W89-01892) (Author's 
abstract) 
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Using a sensitive, radioisotopic assay for aryl hy- 
drocarbon hydroxylase (AHH), a comparatively 
low level of benzo(a)pyrene (B(a)P) metabolism 
was routinely measured in digestive gland homog- 
enates. Attempts to induce overall BaP metabolism 
by exposure to Aroclor 1254, an inducer of mam- 
malian AHH, were largely unsuccessful. However, 
Aroclor treatment produced an altered B(a)P me- 
tabolite profile for each bivalve species tested. The 
metabolites were separated and identified by coelu- 
tion with authentic standards, using high-perform- 
ance liquid chromatography. Untreated mollusks 
produced several dihydrodiols and phenolic de- 
rivatives; Aroclor treatment usually resulted in 
augmented generation of 9,10-, 4,5-, and 7,8-diols, 
as well as production of quinones and atypical 
monohydroxylated metabolites. The data suggest 
that BaP biotransformation by bivalve enzyme sys- 
tems can yield both potentially carcinogenic (BaP 
7,8-diol) and detoxified metabolites. However, no 
apparent activation of BaP by molluscan enzymes 
was seen using the Ames Salmonella tester strains. 
(See also W89-01892) (Author's abstract) 
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For a better understanding of relationships be- 
tween toxicants of bleached kraft pulp mill ef- 
fluents (BKME) and their predicted biological ef- 
fects, the metabolic fate and hepatic excretion of 
chlorphenolics and resin acids in fishes were inves- 
tigated. Three types of short-term experiments 
were conducted with rainbow trout: controlled 
laboratory exposures, semi-controlled field labora- 
tory exposures, and caging experiments in water 
receiving BKME. Additionally, samples were col- 
lected from feral fish populations exposed to 
BKME at various distances from the source. Only 
a small proportion (<0.5 to 5%) of all chlorophen- 
olics and resin acids was excreted to the bile as free 
substances. About 95% of bile resin acid conju- 
gates were glucuronides. Most of the conjugates in 
trout exposed to chlorophenols were glucuronides, 
a small proportion of them being sulfates. A good 
relationship between the dilution of BKME and 
the total amount of bile conjugates of chlorophen- 
olics and resin acids was observed even in semi- 
controlled experiments. Both the caging exposures 
of trout and the field material collected from the 
recipient revealed consistent results between the 
concentrations of conjugates and the distance from 
the BKME source. The authors suggest that useful 
information about the chronic loading of fish popu- 
lations by toxic substances in BKME can be 
achieved through analyses of the total concentra- 
tions of their bile conjugates. (See also W89-01892) 
(Author's abstract) 
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Groups of Neanthes arenaceodentata were fed dif- 
ferent diets for four weeks then exposed to copper 
in seawater to determine if nutritional history 
would affect copper toxicity. Two experiments 
were conducted in which mortality was the end- 
point. In the first experimeni, ie 28-day LC sub 50 
concentrations were > 98 micrograms copper 
(Cu)/L for polychaetes fed a combination diet of 
cultured fresh Ectocarpus siliculosus and Tetra- 
Marin, 80 micrograms Cu/L for those fed field- 
collected dried Enteromorpha clathrata (fed rehy- 
drated), and 38 micrograms Cu/L for those fed 
cultured fresh Enteromorpha clathrata. The great- 
er sensitivity of worms fed the fresh E. clathrata 
may have resulted because the fresh E. clathrata 
accumulated copper while in the experimental 
system, therefore, worms fed this diet were prob- 
ably also exposed to copper through the food. 
Metal analysis of the food revealed that the mean 
copper concentration of fresh E. clathrata was five 
to six times higher than the mean copper concen- 
tration of dried E. clathrata of TetraMarin after 48 
h in any of the copper-dosed treatments. Mean 
copper concentration of the fresh E. siliculosus 
was three to five times higher than dried E. clath- 
rata of TetraMarin after 48 h in the experimental 
system. In the second experiment, diet had an 
effect on the short-term results (4 to 10-day Lc sub 
50 values), but not the long-term results (28-day 
LC sub 50 values). Worms fed prawn flakes were 
significantly more resistant to copper than worms 
fed dried E. clathrata; the 10-day LC sub 50 values 
were 246 and 124 micrograms Cu/L, respectively. 
The 28-day Lc sub 50 values for these two diets 
were not significantly different (83 and 86 micro- 
grams Cu/L). The short-term LC sub 50 values in 
Experiment 2 (where diet-toxicant interaction was 
minimized) differed by < a factor of 2, which is 
within the range of variability (1.18 to 3.31) in an 
interlaboratory comparison with this species. (See 
also W89-01892) (Lantz-PTT) 
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QUALITY ASSURANCE REVIEW OF THE USE 
OF THE HYDRA ASSAY IN DEVELOPMEN- 
TAL TOXICITY (TERATOLOGY) STUDIES, 
Argus Research Labs., Inc., Horsham, PA. 

J. E. Goeke, and P. D. Ference. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 


Effects Of Pollution—Group 5C 


16, 1985. ASTM Special Technical Publication 
921, 1986. p 384-389, 11 ref. 


Descriptors: *Quality control, *Water pollution ef- 
fects, *Bioassay, *Toxicolgy, *Hydra, *Aquatic 
toxicology, Toxicity, Embryos. 


It is the purpose of this paper to: (1) descrive the 
nature and conduct of the Hydra Assay, and (2) 
offer a procedure for assuring and documenting its 
quality. The Hydra Developmental Toxicity Assay 
provides a rapid and reliable prescreening system 
for teratogenic hazard. Fresh water Hydra atten- 
uata polyps are dissociated into component cells 
that can be randomly reaggregated into an ‘artifi- 
cial embryo’ that will produce new adult polyps in 
approximately one week. During this whole-body 
regeneration, the artificial embryo achieves most 
of the developmental phenomena required during 
mammalian organogenesis. By determining the 
minimal affective concentration (MAC) of the sub- 
stance, both for adult Hydra and embryos, it is 
possible to determine the substance’s ability to 
disrupt development phenomena (developmental 
toxicity) and determine an A/D ration, the same 
ratio as that obtained through the use of mammali- 
an test systems. The A/D ratio is calculated on the 
basis of the adult (A) and the developmental (D) 
minimal affective concentrations. An A/D ratio 
near unity indicates that the substance tested can 
disrupt development only at doses that also 
produce overt adult toxicity, and that it constitutes 
no unique hazard to the conceptus. An A/D ratio 
of 10.0 or more generally indicates that the sub- 
stance tested represents a unique hazard to the 
conceptus, although the concentrations of the test 
substance required to produce this ratio may bear 
no direct relationship to the concentrations needed 
to achieve the same results in mammals. The 
phases of the Hydra Assay that are deemed ‘criti- 
cal’, and that therefore require audit or inspection, 
or both, include: (1) protocol review; (2) prepara- 
tion of media; (3) preparation of the test substance 
concentrations; (4) preparation of adult and 
embryo Hydra for use; (5) examination and evalua- 
tion of Hydra specimens at periodic intervals; (6) 
test substance administration; (7) documentation of 
the environmental conditions and maintenance of 
the Hydra farm; and (8) report and raw data audit. 
(See also W89-01892) (Author’s abstract) 
W89-01921 


BEHAVIORAL AND MORPHOLOGICAL 
CHANGES IN FATHEAD MINNOW (PIME- 
PHALES PROMELAS) AS DIAGNOSTIC END- 
POINTS FOR SCREENING CHEMICALS AC- 
CORDING TO MODE OF ACTION, 
Environmental Research Lab.-Duluth, MN. 

R. A. Drummond, C. L. Russom, D. L. Geiger, 
and D. L. DeFoe. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 415-435, | fig, 6 tab, 48 ref. 


Descriptors: *Fathead minnows, *Morphology, 
*Aquatic toxicology, *Water pollution effects, 
*Pollutant identification, *Toxicology, *Lake Su- 
perior, *Bioassay, Stress, Fish behavior. 


Acute (96-h) toxicity tests were conducted using 
30-day old fathead minnows (Pimephales prome- 
las). A total of 139 chemicals were tested under 
flow-through conditions at a temperature of 25 + 
or - 1.0 C using Lake Superior water. A checklist 
was developed for systematically recording visual 
observations of behavioral and morphological 
changes. The checklist contained 40 different code 
items representing 10 general categories such as 
locomotor activity, morphological anomalies, etc. 
Loss of schooling behavior appeared to be the 
most sensitive indicator of general stress and was 
observed with 96% of the tested chemicals. Al- 
though deviate changes in behavior were found to 
be sensitive indicators of stress, they cannot be 
used solely to classify chemicals according to 
mode of action. Gross morphological changes are 
equally important. Development of a model, based 
on combinations of behavioral and morphological 
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data, appears possible for screening and differenti- 
ating chemicals according to toxic action. (See also 
W89-01892) (Author's abstract) 
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EFFECTS OF DIET QUANTITY ON SHEEPS- 
HEAD MINNOWS (CYPRINODON VARIEGA- 
TUS) DURING EARLY LIFE-STAGE EXPO- 
SURES TO CHLORPYRIFOS, 

Environmental Research Lab., Gulf Breeze, FL. 
G. M. Cripe, D. J. Hansen, S. F. Macauley, and J. 

Forester. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 450-460, 4 tab, 22 ref. 


Descriptors: *Diet, *Minnows, *Aquatic toxicol- 
ogy, *Bioassay, *Toxicology, *Chlorpyrifos, Tox- 
icity, Water pollution effects, Metabolism. 


The influence of food quantity on the effects of 
chlorpyrifos was determined in early life-stage 
(ELS) toxicity tests with estuarine sheepshead min- 
nows (Cyrpinodon variegatus). Three 28-day ELS 
tests were conducted simultaneously, each with a 
different feeding rate: approximately 20, 110, or 
550 Artemia nauplii/fish per feeding. In the first 
group of three tests, growth was reduced signifi- 
cantly (p < or = 0.001) at nearly all feeding rates 
and chlorpyrifos concentrations tested (3.1 to 52 
micrograms/L). Therefore, a second group of 
three tests was conducted at lower chlorpyrifos 
concentrations (0.4 to 6.8 micrograms/L) and the 
same feeding rates used in the first series. Chlor- 
pyrifos concentrations that significantly decreased 
fish growth were > or = to 3.0 micrograms/L, 
regardless of feeding rate. Weights of fish at the 
end of all tests were directly associated with con- 
centration and food. Fish receiving the greatest 
amount of food weighed 10 times more than those 
receiving the least and were three times heavier 
than those in the intermediate feeding rate. In 
treatments where growth was affected, mean per- 
centage survival ranged from 67% at 52 micro- 
grams/L to 99% at 3.0 micrograms/L. The stand- 
ard deviations for this survival varied from 14 at 
the lowest feeding rate for fish exposed to 52 
micrograms/L to 2.8 for fish fed 550 Artemia per 
cup in 3.0 micrograms/L. Bioconcentration factors 
(amount of chlorpyrifos in tissue/average meas- 
ured water concentrations) and chlorpyrifos in 
whole fish at exposure concentrations > or = to 
3.0 micrograms/L generally increased with in- 
creased feeding rates and increased chlorpyrifos 
concentrations. Within the feeding range tested, 
the quantity of available food was not an important 
factor controlling differences in growth of Cyrpin- 
odon variegatus exposed to chlorpyrifos. Howev- 
er, when food quantity restricted growth, survival 
of sheepshead minnows was not as reproducible, 
and variability (standard deviation) increased with 
decreased food. (See also W89-01892) (Author's 
abstract) 
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METHODOLOGY FOR DETERMINING THE 
RELATIONSHIP BETWEEN TOXICITY AND 
THE AQUEOUS SPECIATION OF A METAL, 
Battelle Pacific Northwest Labs., Richland, WA. 
For primary bibliographic entry see Field 5A. 
W89-01927 


COMPARISON OF LABORATORY AND 
FIELD METHODS FOR TESTING THE TOXIC- 
ITY OF CHEMICALS SORBED TO SEDI- 
MENTS, 

Monsanto Environmental 
Louis, MO 

For primary bibliographic entry see Field 5A. 
W89-01929 


Sciences Center, St. 


AQUATIC TOXICOLOGY AND HAZARD AS- 
SESSMENT: SEVENTH SYMPOSIUM. 
American Society for Testing and Materials, Phila- 
delphia, PA. 

A Symposium Sponsored by American Society for 


Testing and Materials Committee E-47 on Biologi- 
cal Effects and Environmental Fate, Milwaukee, 
Wisconsin, April 17-19, 1983. ASTM _ Special 
Technical Publication 854, 1985. 587p. Edited by 
Rick D. Cardwell, Rich Purdy, and Rita Comotto 
Bahner. 


Descriptors: *Water pollution effects, *Symposi- 
um, *Aquatic toxicology, *Toxicology, *Environ- 
mental effects, *Bioassay, *Ecological effects, 
Daphnia, Sediment contamination, Wastewater dis- 
posal, Aquatic environment, Toxicity. 


The symposium was divided into five sections. The 
first addresses the area of foremost ASTM empha- 
sis, methods development and validation. Results 
of single-species tests are presented; the greatest 
emphasis is on several species of daphnids (class 
Crustacea, order Cladocera), the main toxicologi- 
cal invertebrate test species in freshwater. The 
remaining four sessions implicitly or explicitly ad- 
dress the theme of ecological relevance. There is 
much research interest concerning the potential 
toxicity of chemicals that are bound to particulates, 
whether natural particulates (e.g., detritus and 
clay), sewage sludge, or wastewaters. This area has 
traditionally received much less emphasis than 
aquatic hazard assessments of dissolved chemicals 
in the water column. The section on Evaluation of 
Chemicals and Chemical Wastes consists of papers 
addressing this area in terms of methods for assess- 
ing and interpreting toxicity and hazard evaluation 
data. The third section, Assessing Impacts of 
Wastes on Aquatic Ecosystems, addresses the com- 
plex issue of whether effects of chemicals and 
chemical wastes, determined by laboratory testing, 
can be predicted or in fact occur in the environ- 
ment. The issue is addressed from several vantage 
points, which will provide the reader a perspective 
on the issue’s complexity. Why chemicals, wastes, 
and sediments do or do not kill or undergo assimi- 
lation by aquatic life is the subject of the section on 
bioavailability. (See W89-01931 thru W89-01967) 
(Lantz-PTT) 

W89-01930 


EVALUATION OF FILAMENTOUS ALGAE AS 
BIOMONITORS OF METAL ACCUMULATION 
IN SOFTWATER LAKES: A MULTIVARIATE 
APPROACH, 

Toronto Univ. (Ontario). Inst. for Environmental 
Studies. 

For primary bibliographic entry see Field 5A. 
W89-01931 


CYANOPHAGE ASSAY AS A NEW CONCEPT 
IN THE STUDY OF ENVIRONMENTAL TOX- 
I 


CITY, 
Algal Research Center, Landenberg, PA. 
For oor bibliographic entry see Field 5A. 
W89-019. 


DIETS FOR CERIODAPHNIA RETICULATA 
LIFE-CYCLE TESTS, 

Environmental Research Lab.-Duluth, MN. 

For primary bibliographic entry see Field 5A. 
W89-01933 


EFFECT OF DIET ON THE SENSITIVITY OF 
DAPHNIA MAGNA TO LINEAR ALKYLBEN- 
ZENE SULFONATE, 

Procter and Gamble Co., Cincinnati, OH. Ivory- 
dale Technical Center. 

For primary bibliographic entry see Field 5A. 
W89-01934 


STUDY OF THE RELIABILITY OF DAPHNIA 
ACUTE TOXICITY TESTS, 

Environmental Monitoring and Support Lab.-Cin- 
cinnati, OH. Biological Methods Branch. 

For primary bibliographic entry see Field 5A. 
W89-01935 


SHORT-CUT CHRONIC TOXICITY ESTI- 
MATES USING DAPHNIA MAGNA, 

Monsanto Co., St. Louis, MO. 

For primary bibliographic entry see Field 5A. 


W89-01936 


NEW AQUATIC BIOASSAY TECHNIQUE 
USING WYEOMYIA SMITHII, THE PITCHER- 
PLANT MOSQUITO, 

Air Force Occupational and Environmental 
Health Lab., Brooks AFB, TX. 

For primary bibliographic entry see Field 5A. 
W89-01937 


EFFECTS OF SMALL FISH PREDATION ON 
MICROCOSM COMMUNITY BIOASSAY, 
Washington Univ., Seattle. Coll. of Ocean and 
Fishery Sciences. 

For primary bibliographic entry see Field 5A. 
W89-01938 


FACTORS AFFECTING GROWTH AND SUR- 
VIVAL OF THE ASIATIC CLAM, CORBICULA 
SP., UNDER CONTROLLED LABORATORY 
CONDITIONS, 

Battelle Pacific Northwest Labs., Richland, WA. 
D. D. Dauble, D. S. Daly, and C. S. Abernethy. 
IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 134-144, 2 fig, 3 tab, 22 ref. DOE Contract 
No. DE-AC06-76RLO 1830. 


Descriptors: *Growth, *Clams, *Water pollution 
effects, *Toxicology, *Bioassay, *Aquatic toxicol- 
ogy, Food, Water temperature, Toxicity, Phyto- 
plankton, Multivariate analysis, Mortality. 


Growth of Asiatic clams (Corbicula sp.) was deter- 
mined in relation to food supply, water tempera- 
ture, and clam size as an aid to researchers con- 
ducting chronic effects toxicity studies. Mean ini- 
tial sizes (shell length) of clam groups were small 
(12 mm), medium (20 mm), and large (28 mm). 
Water temperatures for the two 84-day test series 
were 10, 20, and 30 C. Linear models provided 
good relationships (r-squared > 0.90) between 
clam shell length, total weight, and wet/dry tissue 
weights. Clam growth was minimal during low 
phytoplankton densities (approximately 300 cells/ 
ml), and all three size groups lost weight at 20 and 
30 C. Mortality of small clams at 30 C was 100% 
after 71 days. At phytoplankton densities > 1000 
cells/ml, overall differences in growth with re- 
spect to clam size and temperature were detectable 
at p > 0.01; growth of all clam groups was great- 
est at 30 C. Small clams exhibited the greatest 
absolute increase in mean shell length at all test 
temperatures and their weight gains were similar 
to those of medium and large clams. Clams in well 
water that were fed trout chow at 117 mg/ml dry 
weight had an estimated conversion efficiency of 
2.0%. Use of individual marks and multivariate 
analysis techniques decreased sample size and test 
duration needed to detect differences in Corbicula 
growth. (See also W89-01930) (Author’s abstract) 
W89-01939 


ag = FOR EARLY LIFE-STAGE TOXICI- 
TESTS USING THREE ATHERINID 
FISHES AND RESULTS WITH CHLORPYRI- 
FOS, 
Environmental Research Lab., Gulf Breeze, FL. 
L. R. Goodman, D. J. Hansen, D. P. Middaugh, G. 
M. Cripe, and J. C. Moore. 
IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 145-154, 3 tab, 21 ref. 


Descriptors: ‘*Bioassay, *Fish, *Chlorpyrifos, 
*Aquatic toxicology, *Toxicology, Toxicity, Eco- 
logical effects, Insecticides, Mortality, Lethal 
limits, Embryos, Bioaccumulation. 





Methods for obtaining embryos and conducting 
early life-stage toxicity tests (continuous exposure 
from the embryonic stage to approximately three 
weeks or more into the exogenous feeding stage) 
with three estuarine species of atherinid fishes, 
were develo .¥ Early life-stage tests were = 
ducted for 28 days with Menidia beryllina, M 
menidia, and M. peninsulae and the insecticide 
chlorpyrifos. Responses of the three species were 
similar: upper chronic values (‘effect’ concentra- 
tions) ranged from 0.48 to 1.8 micrograms chlor- 
pyrifos/L and lower chronic values (‘no effect’ 
concentrations) ranged from 0.28 to 0.75 micro- 
grams/L. Chlorpyrifos exposure did not affect sur- 
vival of embryos to hatching which averaged 91 to 
93% for each species. In treatments in which no 
adverse effects were observed, combined survival 
of M. menidia embryos and hatched fish averaged 
51% and fish weights averaged 23 mg; for M. 
peninsulae, 69% and 13.6; and for M. beryllina, 
81% and 8.7 mg. Chlorpyrifos bioconcentration 
factors (concentration in whole fish/average meas- 
ured concentration in water) averaged 220 for M. 
beryllina, 460 for M. —— and Hscgguan A < 
420 for M. menidia. From these three ies, 
——— may select an Atlantic or Gull Coast 
Gee that occurs in either high or low salinity. 
also — (Authors’s abstract) 


USE OF BIOCHEMICAL MEASUREMENTS 
TO DETECT POLLUTANT-MEDIATED 
DAMAGE TO FISH, 

Battelle rt England Marine Research Lab., 
Duxbury, M 

J. M. Neff. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for beg and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 155-183, 6 tab, 174 ref. 


Descriptors: *Biochemical analysis, *Water pollu- 
tion effects, ‘*Fish, *Bioassay, *Toxicology, 
*Aquatic toxicology, Enzymes, Tissue analysis, 
Stress, Metallothionein. 


The use of enzyme activity or concentration of 
biochemicals in the tissues to detect pollutant stress 
in fish is reviewed. Of the many biochemical pa- 
rameters which have been measured, most are of 
limited value at present, primarily because correla- 
tions between biochemical effects and significant 
deleterious effects in the fish population have not 
been established. Characteristics of the metalloth- 
ionein and mixed-function oxygenase systems and 
activity of acetylcholinesterase and delta amino 
levulinic acid dehydratase in fish tissues or blood 
may be useful for identifying fish which have been 
exposed to particular classes of pollutants. Some 
blood enzymes and biochemicals are useful for 
diagnosing liver damage in fish. Biochemical com- 
position and concentrations in the blood and tissues 
of fish from polluted habitats differ in characteris- 
tic ways from those of fish of the same species 
from nearby clean areas. Some of these differences 
show promise for use in assessing damage to fish 
populations. (See also W89-01930) (Author's ab- 
stract) 

W89-01941 


EFFECT OF IRON AND ZINC INTERACTION 
ON ALGAL COMMUNITIES, 
Illinois State Water Survey, Peoria. Water Quality 
Section. 
iN ye 

An atic Toxicology and Hazard Assessment: 
pois Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 187-201, 11 fig, 5 tab, 17 ref. 


Descriptors: *Iron, *Zinc, *Algae, *Ecological ef- 
fects, *Toxicology, *Aquatic toxicology, *Water 
pollution effects, Toxicity, Growth, Heavy metals. 


The objective of this study was to determine the 
effect of iron and zinc interaction on algal commu- 
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nities. Algal samples from three sources were used: 
Peoria, Farmington, and Princeton, all in Illinois. 
In general, it was found that zinc is much more 
toxicity than iron. In the case of Peoria samples, 
the effect of iron and zinc interaction was noninter- 
active in one case and antagonistic in another. In 
the case of the Farmington samples, these two 
metals are noninteractive against algal growth. To 
the Princeton samples, iron and zinc are synergis- 
tic. (See also W89-01930) (Author’s abstract) 
W89-01942 


COMPARISON OF — DESIGN AND RE- 
PRODUCIBILITY ESTIMATE BIOCON- 
CENTRATION OF ‘DEN-HEXYLPHTHALATE 
BY DAPHNIA MAGNA, 

New York Cooperative Fishery Research Unit, 
Ithaca, NY. 

For primary bibliographic entry see Field 5A. 
W89-01943 


SEDIMENT MICROBIAL ACTIVITY TESTS 
FOR THE DETECTION OF TOXICANT IM- 
PACTS, 
Texas Univ. at Dallas, Richardson. Graduate Pro- 
gr am in Environmental Sciences. 

wa d porvvid bibliographic entry see Field SA. 


COMPARATIVE TOXICITY OF WHOLE AND 
LIQUID PHASE SEWAGE SLUDGES TO 
MARINE ORGANISMS, 

EA Engineering, Science, and Technology, Inc., 
Sparks, MD. 

J. A. Fava, J. J. Gift, A. F. Maciorowski, W. L. 
McCulloch, and H. J. Reisinger. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 229-252, 3 fig, 4 tab, 21 ref. 


Descriptors: *Toxicity, *Sludge, *Wastewater dis- 
posal, *Marine environment, *Toxicology, *Water 
pollution effects, *Aquatic toxicology, Municipal 
wastewater, Suspended solids, Silversides, Shrimp, 
Mysids, Ammonia. 


The chemical composition and acute toxicity of 
whole digested municipal sewage sludges from 
twelve water pollution control plants were collect- 
ed, fractionated, and analyzed. The chemical com- 
position and acute toxicity of whole sewage 
sludges were compared with those of liquid 
sewage sludge phases. The chemical constituents 
analyzed included nutrients, conventional param- 
eters, and U.S. Environmental Protection Agency 
consent decree priority pollutants. Results indicat- 
ed that most toxic constituents were associated 
with suspended solids and were therefore dramati- 
cally reduced in the liquid phase sludge fractions. 
Despite the dramatic reduction of metals, pesti- 
cides, and other organic compounds in the liquid 
sludge phases, there was a distinct trend towards 
equivalent phase toxicity to Atlantic silversides 
(Menidia menidia) and grass shrimp (Palaemonetes 
pugio). However, whole sludges were generally 
more toxic to mysids (Mysidopsis bahia) than were 
the liquid phase sludges. Evidence to support the 
hypothesis that ammonia may be the major con- 
tributor to overall toxicity of the sewage ~~ 
tested is presented and discussed. (See also W89- 
01930) (Author's abstract) 

W89-01945 


APPROACH TO SEWAGE SLUDGE BIOACCU- 
MULATION POTENTIAL 

Ecological Analysts, Inc., Sparks, MD. 

A. F. Maciorowski, W. L. McCulloch, and J. A. 
Fava. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 253-268, 6 tab, 14 ref. 
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Descriptors: *Bioaccumulation, 
*Wastewater disposal, *Water pollution effects, 
*Aquatic toxicology, *Pollutant identification, 
*Toxicology, Clams, Shrimp, Silversides, Cadmi- 
um, Mercury, Polychlorinated biphenyls, DDT, 
Hydrocarbons, Toxicity, Tissue analysis. 


*Sludge, 


A sewage sludge bioaccumulation potential test 
responsive to the EPA’s Ocean Dumping Regula- 
tions and Criteria was developed and evaluated 
with sludges from twelve water pollution control 
plants with secondary treatment. In keeping with 
the regulations, the test was designed to examine if 
hard clams, grass shrimp, and Atlantic silversides 
exposed to sludge exhi' ited statistically elevated 
body burdens of cadmium, mercury, PCB, DDT 
and metabolites, and petroleum hydrocarbons 
compared against controls. Exposure consisted of 
ten-day renewal followed by a two-day post-expo- 
sure period in clean seawater. Five replicate aquar- 
ia per treatment per species were employed using 
sludge concentrations of 0.033, 0.0084, and 
0.0042%. Seven hundred and eighty tissue samples 
were analyzed for the specified chemicals. Of 195 
possible statistical evaluations (13 sludges X 3 spe- 
cies X 5 chemicals), significant differences between 
treatment group means occurred in only 31 trials. 
However, in 27 of these trials, the highest body 
burden mean was: (1) at or below pretest levels for 
the organisms tested; (2) within the concentration 
range exhibited by control groups over the study 
[see or (3) present in controls. The inherent 
imitations of basing pass/fail compliance of ocean- 
dumped material on a single timepoint exposure 
are discussed. (See also W89-01930) (Author's ab- 
stract) 
W89-01946 


METHOD OF ASSESSING THE TOXICITY OF 
CONTAMINATED FRESHWATER _ SEDI- 


EG and G Bionomics, Wareham, MA. Aquatic 
Toxicology Lab. 

For _ bibliographic entry see Field 5A. 
W89-0194 


PHOXOCEPHALID AMPHIPOD BIOASSAY 
FOR MARINE SEDIMENT TOXICITY, 
Environmental Research Lab.-Narragansett, New- 
port, OR. Mark O. Hatfield Marine Science 
Center. 

For primary bibliographic entry see Field 5A. 
W89-01948 


OVERVIEW OF BIOLOGICAL EFFECTS TEST- 
ING IN PUGET SOUND, WASHINGTON: 
METHODS, RESULTS, AND IMPLICATIONS, 
E.V.S. Consultants Ltd., North Vancouver (British 
Columbia). 
P. M. Chapman, R. N. Dexter, R. M. Kocan, and 
E. R. Long. 
IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 344-363, 5 fig, 2 tab, 50 ref. NOAA Con- 
tract 81 RACO0139. 


Descriptors: *Toxicology, *Water pollution ef- 
fects, *Puget Sound, *Washington, *Aquatic toxi- 
cology, Lethal limits, Fish, Oligochaetes, Amphi- 
Popu Toxicity, Mortality, Eggs, Larvae, Smelt, 
ulation dynamics, Sediment contamination. 


There are relatively few broad-scale studies in 
which the toxicity (including mutagenicity) of 
complex contaminant mixtures found in the marine 
environment has been directly tested. The authors 
recently completed a series of biological effects 
studies in Puget Sound, Washington, which in- 
volved testing the toxicity of sediment from a 
variety of sites including heavily industrialized em- 
bayments and reference and control areas. Areas 
chosen for testing encompassed gradients of chemi- 
= contamination ranging from lightly to heavily 

ted. The following tests were done: (1) acute 
let ality to a marine fish species (stickleback) and 
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two invertebrate species (an oligochaete and an 
amphipod); (2) sublethal effects on the respiration 
rate of an oligochaete species; (3) effects on mitosis 
of fish cells in culture; 0 lethal and sublethal 
effects on oyster larvae; (5) lethal and sublethal 
effects on surf smelt eggs and larvae; (6) lethal and 
sublethal effects on a polychaete's life-cycle; and 
(7) in vitro fish cell reproduction studies. Up to 97 
sites were investigated, and one or more tests were 
applied to sediments from each site. The results 
indicated that sediment collected from areas shown 
by other studies to be contaminated with a variety 
of toxic chemicals were capable of causing lethal 
and sublethal effects to tested biota in the laborato- 
ry. There was good correspondence among the 
results of the different tests. Sediments from badly 
contaminated areas overall were the most toxic, 
while those from the least contaminated areas were 
the least toxic. Data from field and laboratory 
studies performed by others with fish and benthos 
supported the geographic trends observed here. 
(See also W89-01930) (Lantz-PTT) 

W89-01952 


USING THE NATURAL DETOXIFICATION 
CAPACITIES OF MARINE ORGANISMS TO 
ASSESS ASSIMILATIVE CAPACITY, 
Southern California Coastal Water 
Project Authority, Long Beach. 

For primary bibliographic entry see Field SB. 
W89-01953 


Research 


IMPLICATIONS OF WASTE DISPOSAL IN 
COASTAL WATERS ON FISH POPULATIONS, 
National Marine Fisheries Service, Beaufort, NC. 
Beaufort Lab. 

F. A. Cross, D. S. Peters, and W. E. Schaaf. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 383-399, 9 fig, 1 tab, 40 ref. 


Descriptors: *Toxicology, *Aquatic toxicology, 
*Waste disposal, *Water pollution effects, *Fish, 
*Coastal waters, Waste management, Estuaries, 
Sludge, Wastewater disposal, Simulation analysis, 
Model studies. 


Assessment and prediction of the impact of pollu- 
tion on animal populations are required to improve 
waste management strategies. Use of information 
on commercial fishery populations in impact as- 
sessment is advised for three reasons: (1) pollution- 
related effects on marine fishery populations will 
have direct economic consequences, (2) many 
major fish stocks that already are overfished 
should be more vulnerable to additional stresses 
than nonexploited populations, and (3) long-term 
data bases that reflect population changes are 
available. The Atlantic menhaden, Brevoortia ty- 
rannus, an economically and ecologically impor- 
tant fish, inhabits coastal and estuarine waters 
along the mid-Atlantic coast of the United States. 
Within its range, a number of man-related activities 
have been identified that could potentially affect its 
population size. Adverse impacts in coastal waters 
could result from an increase in the ocean dumping 
of sewage sludge and industrial wastes and oil 
spilled during the development of offshore oil re- 
serves. In estuaries, adverse impacts could result 
from a slow but steady decline in water quality 
associated with human population growth and in- 
dustrialization of coastal areas. Scenarios were de- 
veloped using a density-independent Leslie matrix 
model and data from the Atlantic menhaden fish- 
ery to simulate population responses to both cata- 
strophic and chronic mortalities. These simulations 
demonstrate that a fish population which is heavily 
fished may have limited compensatory reserve and 
thus may be —— sensitive to pollution. To 
improve predictive capacity, the effects of pollu- 
tion on fisheries requires an understanding of the 
environmental factors that control variability in 
fish populations and the effect of multiple stresses 
on these stocks over their entire geographical 
range. Increased predictive capability can be 
gained most cost-effectively through closer inte- 
gration of the disciplines of population dynamics 


and toxicology. (See also W89-01930) (Author's 
abstract 
W89-01954 


EXTRAPOLATING FROM THE LABORATO- 
Rg THE FIELD: HOW UNCERTAIN ARE 


YOU, 

Oak Ridge National Lab., TN. Environmental Sci- 
ences Div. 

G. W. Suter, L. W. Barnthouse, J. E. Breck, R. H. 
Gardner, and R. V. O'Neill. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 400-413, 8 fig, 20 ref. EPA Contract 40- 
740-78 and DOE Contract W-7405-eng-26. 


Descriptors: *Toxicology, *Water pollution ef- 
fects, *Data interpretation, *Aquatic toxicology, 
Lethal limits, Fish, Toxicity, Population dynamics, 
Ecological effects, Hazard assessment. 


A methodology for assessing toxic effects of 
chemicals on fish should be able to begin with an 
emission rate, an LC sub 50, and a description of 
the receiving system and generate an estimate of 
the likelihood of reductions in fish populations. 
This process is a series of extrapolations, each with 
an associated variance. The LC sub 50 must be 
extrapolated from the test species to the species of 
interest, to life-cycle toxicity, to long-term toxiicty 
in the field, to changes in population size due to 
direct toxic effects and, finally, to the combined 
direct and indirect toxic effects. Similarly, the 
emission rate must be converied into an effective 
environmental concentration in an imperfectly 
known hydrologic, chemical, physical, and biologi- 
cal system. Summarized are some data and meth- 
ods for making these extrapolations (taxonomic 4 
extrapolation, acute/chronic extrapolation, direct 
toxicity to individuals in the field, direct effects on 
populations, and ecosystem effects) and indicate 
sources of uncertainty in each stage of the analysis. 
(See also W89-01930) (Lantz-PTT) 

W89-01955 


AQUATIC SAFETY ASSESSMENT OF CHEMI- 
CALS SORBED TO SEDIMENTS, 

Monsanto Co., St. Louis, MO. 

For primary bibliographic entry see Field 5B. 
W89-01957 


ROLE OF PHYTOTOXICITY TESTS IN THE 
DERIVATION OF NUMERICAL NATIONAL 
WATER QUALITY CRITERIA, 

Illinois State Water Survey, Peoria. Water Quality 
Section. 

For primary bibliographic entry see Field 5G. 
W89-01965 


ENVIRONMENTAL IMPACT AND SIGNIFI- 
CANCE OF PESTICIDES, 

National Water Research Inst., Burlington (Ontar- 
io). 

W.M. J. Strachan, W. A. Glooschenko, and R. J. 
Maguire. 

IN: Analysis of Pesticides in Water. Volume I: 
Significance, Principles, Techniques, and Chemis- 
try of Pesticides. CRC Press, Inc., Boca Raton, 
FL. 1982. p 1-23, 2 fig, 157 ref. 


Descriptors: *Environmental effects, *Pesticides, 
*Water pollution effects, *Fate of pollutants, *Path 
of pollutants, Organic compounds, Model studies, 
Toxicity, Monitoring, Organochlorine, Organo- 
phosphorus ticides, Halogenated pesticides, 
Carbamates, Phenoxyalkanoic acid, Urea, Tria- 
zines. 


Pesticide reactions of aquatic environmental inter- 
est can be divided into two broad types - abiotic 
and biological. In abiotic types, hydrolysis and 
photochemical processes are of the greatest gener- 
al concern; in the biological type, the possibilities 
are extensive. Many of the processes of both types 
result in the same products and, while the rates of 
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the abiotic processes can be determined in the 
laboratory and reasonably applied to the environ- 
ment, those of a biological nature are dependent on 
the nature, numbers, and adaptation of the orga- 
nisms involved and do not readily lend themselves 
to meaningful cag determination. Some 
qualitative definition of the nature of microorga- 
nisms in appropriate environmental compartments 
is possible, but this will be largely inadequate for 
the prediction of environmental rates without 
knowledge of the behavior of some reference 
substance(s) in both the environment of concern 
and in the test system. Pesticide types and proper- 
ties (organochlorines, organophosphates, carba- 
mates, phenoxyalkanoic acid derivatives, substitut- 
ed urea, and triazines), transport and movement (in 
air, water and sediments), accumulation, degrada- 
tion, modeling, toxicology and monitoring, are dis- 
cussed. (See also W89-01968) (Lantz-PTT) 
W89-01969 


ECOLOGICAL PARAMETERS INFLUENCING 
AQUATIC PLANT GROWTH, 

For primary bibliographic entry see Field 2E. 
W89-01994 


TECHNICAL REVIEW OF THE FACTORS AF- 
FECTING AQUATIC USE OF DICHLOBENIL, 
For primary bibliographic entry see Field 4A. 
W89-02000 


SCOPE OF THE PROBLEM, 
Consultants in Environmental 
London (England). 

T. Rudd. 

IN: Heavy Metals in Wastewater and Sludge 
Treatment Processes. Volume I: Sources, Analysis, 
and Legislation. CRC Press, Boca Raton, Florida, 
1987. p 1-29, 1 fig, 4 tab, 174 ref. 


Sciences Ltd., 


Descriptors: *Toxic wastes, *Heavy metals, 
*Water pollution effects, *Toxicity, *Sludge dis- 
posal, *Path of pollutants, Cadmium, Lead, Mercu- 
ry, Nickel, Chromium, Zinc, Copper, Beryllium, 
Thallium, Silver, Tellurium, Vanadium, Arsenic, 
Selenium, Aluminum, Antimony, Lethal limits, 
Food chains, Ocean dumping. 


The term heavy metals is frequently applied where 
there are connotations of toxicity, and thus a less 
vigorous definition of the group, normally used in 
the environmental context, is that it includes light- 
er metals such as aluminum and beryllium and 
metalloids such as As, Se, and Sb. Metalloids 
behave chemically both as a metal and a nonmetal; 
thus As, although not a metal in the strict chemical 
sense, is linked toxicologically to the heavy metals 
because of the sulfur-sequestering properties 
common to both. The ultimate cause for concern 
about heavy metals in the environment is their 
extreme toxicity towards man. Metal toxicity may 
be manifested in either acute or chronic forms, 
with acute toxicity encompassing the total adverse 
effect produced by a toxicant administered as a 
single dose or as multiple doses over a period of < 
or = to 24 hr. Acute or short-term metal toxicity 
is required to kill 50% of a population of test 
organisms in a fixed time period, e.g., 48 or 96 hr. 
A measurement of potential toxicity, similar to that 
of pH for hydrogen ion concentration, has been 
postulated, where pT is the negative log of the 
molar concentration of the toxic substance. pT has 
specified ranges for heavy metals of low (pT = < 
0.5), moderate (pT = 5.0 to 7.0), and high (pT = 
>7.0) inherent toxicity. The fundamental factor 
which heightens the concern over the presence of 

tentially toxic heavy metals in the environment 
is their nonbiodegradability and consequent per- 
sistence. In addition to catastrophic incidences of 
large-scale localized inputs of metals from industri- 
al sources, problems arise through gradual in- 
creases in metal concentrations from nonpoint 
source, particularly where water reuse is practiced. 
Concomitant with the problems posed by dispersal 
of liquid effluents are pr of sludge disposal. The 
potential for toxic effects on humans resulting from 
sludge disposal to land varies with factors such as 
the nature and metal content of the soil and the 
sludge, the rate and frequency of sludge applica- 





tion, the species of metals in the sludge and subse- 
quently in the sludge-amended soil, the type of 
crop grown, and the part of the plant consumed. 
The toxicity of the ‘heavy metals’ is given as a 
brief summary for each these elements. (See also 
W89-02097) (Lantz-PTT) 

W89-02098 


TOXIC CONTAMINATION IN LARGE LAKES, 
VOLUME I: CHRONIC EFFECTS OF TOXIC 
CONTAMIMANTS IN LARGE LAKES, 

Lewis Publishers, Chelsea, Michigan, 1988. 364p. 
Edited by Norbert W. Schmidtke. 


Descriptors: *Lakes, *Water pollution effects, 
*Toxicity, *Ecological effects, *Limnology, Eco- 
systems, Bioaccumulation, Conferences, Polychlo- 
rinated biphenyls, Pesticides, DDT. 


The first of four volumes on toxic contaminants in 
large lakes focuses on the chronic effects of pollu- 
tion in large lakes. The paper included were pre- 
sented at a conference on large lakes held in Michi- 
gan in May 1986. The 16 papers in the first volume 
cover such topics as quantification of toxic materi- 
als in fish from the Lawentian Great Lakes; toxic 
chemical effects in the Great Lakes; long-range 
transport of organochlorines in the artic and sub- 
arctic; pollution effects on algae; the OECD eco- 
toxicological basic test set on toxicity profiles of 
organic chemicals; human exposure routes to toxic 
chemicals in the Great Lakes; lead and mercury in 
the Mediterranean; and aerial transport and dispo- 
sition of toxaphene. (See W89-02122 thru W89- 
02137; W89-02155; W89-02176) (Lantz-PTT) 
W89-02121 


ECOSYSTEM SURPRISE: TOXIC CHEMICAL 
EXPOSURE AND EFFECTS IN THE GREAT 
LAKES, 

ELI-Eco Logic, Inc., Acton (Ontario). 

D. J. Hallett. 

IN: Toxic Contamination in Large Lakes. Volume 
I: Chronic Effects of Toxic Contaminants in Large 
Lakes. Lewis Publishers, Chelsea, Michigan, 1988. 
p 25-37, 1 tab, 19 ref. 


Descriptors: *Water pollution effects, *Water pol- 
lution sources, *Toxicity, *Great Lakes, *Chemi- 
cal exposure, DDE, Methyl mercury, Polychlori- 
nated biphenyls, Bioaccumulation, Birds, Fish, 
—- water, Decontamination, Ecological ef- 
ects. 


The Great Lakes ecosystem has been adulterated 
with anthropogenic toxic chemicals since the 
advent of its industrialization. Sediment records 
indicate that a severe deceleration in deposition 
rate occurred from 1945 to 1960 when the rate 
leveled off. Persistent organic contaminants such 
as DDE, methyl mercury, and PCBs which bioac- 
cumulate, were discovered from 1960 to 1970 in 
Great Lakes fish-eating birds which were suffering 
reproductive problems. Hundreds of persistent 
trace contaminant derivatives including chlorinat- 
ed dioxins were discovered during the 1970s. 
Human health concerns arose first for the sale of 
commercial fish, then for consumption of sport fish 
and finally for drinking water. It was not until the 
1980s that the surface interaction of the lakes with 
the atmosphere was linked for toxic chemicals. 
Total ecosystem pathways and exposure routes 
were considered rather than the effects in one 
aqueous ecosystem compartment. Humans were 
found to be contaminated with Great Lakes con- 
taminants. In 1986, the major exposure route found 
was food. Decontamination of the ecosystem must 
Eeeseee to prevent exposure to future generations. 

ajor loadings of bioavailable contaminants circu- 
lating in the air, water and soil must be reduced. 
The hypothetical assessment of impact must be 
repl with the estimation of loading potential, 
the cost to reduce loading sources, the extent of 
control possible, and the allocation of loading re- 
ductions. (See also W89-02121) (Author's abstract) 
W89-02123 


KNOWN EFFECTS OF POLLUTANTS ON 
FISH-EATING BIRDS IN THE GREAT LAKES 
OF NORTH AMERICA, 
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+ aaa Wildlife Research Centre, Ottawa (Ontar- 


0). 

D. B. Peakall. 

IN: Toxic Contamination in Large Lakes. Volume 
I; Chronic Effects of Toxic Contaminants in Large 
Lakes, Lewis Publishers, Chelsea, Michigan, 1988. 
p 39-54, 6 tab, 49 ref. 


Descriptors: *Water pollution effects, *Birds, 
*Fish, *Food chains, *Great Lakes, Bald Eagle, 
Osprey, Herring gulls, DDE, Biochemistry, Physi- 
ological ecology, Thyroid, Porphyrins, Bird physi- 
ology, Lake Michigan. 


By the mid 19700s, the general population aware 
that fish-eating birds had serious problems in the 
Great Lakes of North America. Marked declines 
of the population of the two fish-eating raptors - 
Bald Eagle and Osprey - and Double-crested Cor- 
morant had occurred. Herring Gulls were experi- 
encing poor reproductive success on Lake Michi- 
gan and Lake Ontario. There were reports of 
abnormalities in young Common Terns. In the case 
of the raptors and cormorant, eggshell thinning 
leading to reproductive failure appears to have 
been the major cause of the population declines. 
There is good evidence that the causative agent 
was DDE. Marked eggshell thinning was not ob- 
served in gulls and terns. Detailed studies on Her- 
ring Gulls showed the presence of both behavioral 
and embryotoxic effects. Reproductive success im- 
proved rapidly in the late 1970s and is now normal 
for all species except Foster’s tern in Lake Michi- 
gan. Nevertheless, detailed investigations into the 
biochemistry and physiology of Herring Gulls still 
shown significant differences along the pollutant 
gradient within the Great Lakes when compared 
to marine colonies. These parameters include in- 
duction of mixed function oxidases, thyroid func- 
tion, and levels of hepatic porphyrins. (See also 
W89-02121) (Author's abstract) 

W89-02124 


FISH TUMORS AS KNOWN FIELD EFFECTS 
OF CONTAMINANTS, 

Roswell Park Memorial Inst., Buffalo, NY. Dept. 
of Experimental Biology. 

J. J. Black. 

IN: Toxic Contamination in Large Lakes. Volume 
I: Chronic Effects of Toxic Contaminants in Large 
Lakes. Lewis Publishers, Chelsea, Michigan, 1988. 
p 55-81, 5 fig, 2 tab, 56 ref. 


Descriptors: *Fish, *Tumors, *Water pollution ef- 
fects, *Great Lakes, *Lake Ontario, Black River, 
Ohio, Fox River, Illinois, Torch Lake, Michigan, 
Lake Erie, Niagara River, Case studies, Bullheads, 
Suckers, Toxicity, Cancer, Rainbow trout, Tissue 
analysis. 


Case histories of neoplastic diseases affecting fresh- 
water fish populations of the Great Lake region 
are described relative to their usefulness as known 
field effects of contaminants. Documented episoo- 
tics of neoplasia have been found in: brown bull- 
heads from the Black River, Ohio liver, oral, and 
skin neoplasms), the Fox River, Illinois various 
species and tumor types), Lake Ontario white 
suckers oral and liver neoplasms), Torch Lake, 
Michigan sauger exhibited nearly a 100% inci- 
dence of liver neoplasms), and eastern Lake Erie 
and the Niagara River where various species/ 
tumor types have been identified. To the extent 
possible, the pollution scenarios associated with 
these case histories are described. Evidence linking 
cancer in fish to contaminant exposure is largely 
circumstantial, but the pollutant-fish cancer hy- 
pothesis is also supported by experiments which 
indicate that fish exposed to cancer causing sub- 
stances in the controlled environment of the labo- 
ratory readily develop cancer. Controlled expo- 
sures using rainbow trout or small aquarium spe- 
cies are useful approaches to understanding simi- 
larities between various carcinogenesis models. Al- 
ternatively, wild fish such as bullheads and suckers 
can easily be adapted to a laboratory environment, 
and can provide direct evidence concerning the 
role of contaminants. Considerations of extrinsic 
factors such as exposure via contaminated benthic 
food chains relative to intrinsic factors such as 
differential competition between metabolic path- 
ways of activation and detoxification have not 
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been well studied. (See also W89-02121) (Author's 
abstract) 
W89-02125 


EFFECTS OF CONTAMINANTS ON ALGAE: 
AN OVERVIEW, 

Department of Fisheries and Oceans, Burlington 
(Ontario). Great Lakes Fisheries Research Branch. 
M. Munawar, P. T. S. Wong, and G.-Y. Rhee. 

IN: Toxic Contamination in Large Lakes. Volume 
I: Chronic Effects of Toxic Contaminants in Large 
Lakes. Lewis Publishers, Chelsea, Michigan, 1988. 
p 113-160, 12 fig, 140 ref. 


Descriptors: *Water pollution effects, *Algae, 
*Great Lakes, *Lake Ontario, *Lake Superior, 
*Bioassay, Biological studies, Plankton, Sediments, 
Productivity, Benzene, Toxicity. 


The use of algae in bioassays has recently gained 
momentum due to their simplicity, availability, sen- 
sitivity, rapidity of analysis, fast turnover rate and 
cost effectiveness. In the Great Lakes, the impacts 
of contaminants on aquatic systems were studied 
using in-vitro algal cultures and natural phyto- 
plankton. Various size fractions such as ultraplank- 
ton and picoplankton (Algal Fractionation Bioas- 
says) were used to assess differential toxicity. Stud- 
ies included the synergistic impact of metal mix- 
tures, nutrient/metals interactions, sediment-bound 
contaminants and organic compounds. Metal mix- 
tures at Great Lakes Water Quality Objectives 
levels were toxic to the natural phytoplankton of 
both Lake Superior and Lake Ontario in various 
combinations. Algal Fractionation Bioassays indi- 
cated that the ultraplankton (2-20 micrometers) 
and picoplankton (< 20 micrometers) were signifi- 
cantly inhibited by the addition of the metal mix- 
tures. The additions of a and phosphorus 
did not change the toxicity of the metal mixtures. 
The impact of sediment-associated contaminants 
including dredging, disposal, and navigational ac- 
tivities on phytoplankton productivity was investi- 
gated. Niagara River sediment was found to be 
extremely toxic. The navigational activities appear 
to have greater environmental impact on algae 
than the dredging and disposal activities. A com- 
parative study with 13 chlorinated benzene com- 
pounds revealed a good correlation between toxici- 
ty and high chlorinated compounds. Algal toxicity 
testing, including the new microcomputer-based 
video analysis system and in-situ plankton cages 
have a tremendous potential in providing rapid, 
sensitive, inexpensive, and on-site evaluation of 
environmental perturbations. These new tech- 
niques will help to develop an early warning 
system based on reliable experimental data instead 
of expensive and routine chemical monitoring 
which lacks toxicological information needed for 
the preservation of the Great Lakes. (See also 
W89-02121) (Lantz-PTT) 

W89-02127 


TOXIC CONTAMINANTS AND BENTHIC OR- 
GANISMS IN THE GREAT LAKES: CYCLING, 
FATE AND EFFECTS, 

National Oceanic and Atmospheric Administra- 
tion, Ann Arbor, MI. Great Lakes Environmental 
Research Lab. 

For primary bibliographic entry see Field 5B. 
W89-02128 


EVALUATION OF TOXICITY PROFILES OF 
ORGANIC CHEMICALS: USEFULNESS OF 
ECOTOXICOLOGICAL BASIC TEST SET OF 
OECD, 


Chemicals Inspection and Testing Inst., Oita 
(Japan). Hita Research Labs. 

For primary bibliographic entry see Field 5A. 
W89-02129 


HUMAN EXPOSURE TO PERSISTENT 
AQUATIC CONTAMINANTS: A PCB CASE 
STU 


DY, 
Michigan Dept. of Public Health, Lansing. 
For primary bibliographic entry see Field 5B. 
W89-02131 
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TOXIC CONTAMINATION IN LARGE LAKES. 
VOLUME II: IMPACT OF TOXIC CONTAMI- 
NANTS ON FISHERIES MANAGEMENT. 
Lewis Publishers, Chelsea, Michigan, 1988. 330p. 
Edited by Norbert W. Schmidtke. 


Descriptors: *Fisheries management, *Water pol- 
lution effects, *Public relations, *Lakes, Research 
priorities, Public participation, Monitoring, Water 
quality control. 


The second of four volumes on toxic contamina- 
tion in large lakes focuses on the impact of pollu- 
tion of fisheries mangaement. The papers included 
were presented at a conference on large lakes held 
in Michigan in May 1986. The 18 rs in the 
second volume cover such topics as fisheries man- 
agement and water quality in Lake Kinneret, 
Israel; Lake Manzala, Egypt; Lake Orta, Italy; 
Lake Bwia, Japan; Lake Vanern, Sweden, and the 
Great Lakes. Other papers discuss the effects of 
pollution loading on fishery yields, fisheries in 
rivers and tropical lakes, predicting and monitor- 
ing effects of pollutants in large lakes, and the need 
for change in legal and public information. (See 
W89-02121; W89-02138 thru W89-02155; W89- 
02176) (Lantz-PTT) 

W89-02137 


FISHERY TRANSFORMATION ON LAKE 
MANZALA, EGYPT DURING THE PERIOD 
1920 TO 1980, 

Manitoba Dept. of Natural Resources, Winnipeg. 
For primary bibliographic entry see Field 81. 
W89-02139 


LAKE ORTA (N. ITALY): RECOVERY AFTER 
THE ADOPTION OF RESTORATION PLANS, 
Istituto Italiano di Idrobiologia, Novara. 

For primary bibliographic entry see Field 5G. 
W89-02142 


RIVERINE AND OTHER TROPICAL LAKES 
AND THEIR FISHERIES, 

East-West Center, Honolulu, HI. 

For primary bibliographic entry see Field 2H. 
W89-02143 


EFFECTS OF CONTAMINANTS LOADINGS 
ON FISHERIES YIELDS FROM LARGE 
LAKES 


Ontario Ministry of Natural Resources, Thunder 
Bay. Fisheries Research Section. 

R. A. Ryder. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 169-173, 1 tab, 3 ref. 


Descriptors: *Fisheries, *Lakes, *Water pollution 
effects, *Toxicology, Toxicity, Water pollution 
sources, Water pollution prevention, Cleanup op- 
erations, Fisheries management, Productivity. 


Toxic contaminants may be of two fundamental 
types. The first type is ‘natural’ in the sense that 
the substance occurs commonly in nature, al- 
though normally at relatively low concentrations. 
These natural materials, though toxic at high con- 
centrations, may be a metabolic necessity for fishes 
at trace levels. Many heavy metals fall into this 
category. Because fishes have evolved over eons in 
the presence of heavy metals, they have developed 
certain inherent adaptations to them at normal, 
ambient concentrations. The toxic effects of heavy 
metals from anthropogenic sources, therefore, are 
primarily those of increasing quantities, as concen- 
trations augment beyond the genetic capability of 
the fish to adapt metabolically. The second catego- 
ry of contaminants consists of ‘aberrant’ substances 
created by man. Fishes have no evolutionary adap- 
tation to these recently synthesized, xenobiotic ma- 
terials. Generally, toxic effects of both natural and 
aberrant contaminants range from non-significant 
at extremely low concentrations to marked toxicity 
at high concentrations. In the case of high levels of 
toxic concentrations, most fish would succumb 
(close to 100% mortality) as would most other gill- 
breathing organisms, including both vertebrates 


and invertebrates. The sub-lethal effects of toxic 
contaminants on a fish community, and therefore, 
on fishery yields, are subtle, and insidious and 
virtually intractable from a management point of 
view. Rehabilitation measures may be most easily 
and economically put into place when the ecosys- 
tem is subjected to only low levels of contamina- 
tion. At higher levels of toxic waste inputs, rehabil- 
itative measures would likely be considered to be a 
suitable management option, particularly at the 
stage where fish become unfit for human consump- 
tion. (See also W89-02137) (Lantz-PTT) 
W89-02145 


PERSPECTIVES ON THE INFLUENCE OF 
TOXIC SUBSTANCES ON FISHERY PRODUC- 
TIVITY, 

Minnesota Univ., St. Paul. Dept. of Fisheries and 
Wildlife. 

G. R. Spangler. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 193-207, 1 fig, 31 ref. 


Descriptors: *Toxicity, *Water pollution effects, 
*Fisheries, *Great Lakes, Productivity, Model 
studies, Simulation analysis, Lethal limits, Mortali- 
ty. 


Repeated failure to achieve only moderately pre- 
cise yield estimates, even for factors as important 
as sea lamprey predation on Great Lakes fish, has 
demonstrated the need for the development of 
more holistic models incorporating variables sensi- 
tive to population perpetuation. Very few holistic 
models have been applied to the problem of esti- 
mating contaminant effects, but recent progress in 
measuring latent mortality and sub-lethal contami- 
nant effects suggest that it is not inappropriate to 
infer major contaminant influences from minor ef- 
fects exhibited in the laboratory. Particle-size dis- 
tribution models and general yield models of the 
morphoedaphic index type may be useful in esti- 
mating losses of fishery yield due to contaminants. 
In spite of the uncertainties associated with ex- 
trapolation of laboratory toxicity results to wild 
populations, simulations of anticipated impact have 
been applied to the estimation of fishery losses in 
the past, and will probably continue to provide 
low resolution estimates of short-term economic 
losses to the fishery where clear population com- 
pensatory processes can be identified. (See also 
W89-02137) (Lantz-PTT) 

W89-02147 


FISHES, FISHING AND POLLUTION IN LAKE 
VANERN (SWEDEN), 

Eco Research and Resource Planning, Bromma 
(Sweden). 

For primary bibliographic entry see Field 81. 
W89-02149 


ADMINISTRATION OF THE FISH CONTAMI- 
NANT PROGRAM IN A DECENTRALIZED 
STATE AGENCY, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Fisheries and Wildlife Sciences. 
For primary bibliographic entry see Field 6E. 
W89-02150 


FRESHWATER FISHERIES MANAGEMENT 
—eee IN BRITAIN: AN OVER- 
Liverpool Univ. (England). Dept. of ae 

For primary bibliographic entry see Field 81. 
W89-02151 


PREDICTING, VALIDATING AND MONITOR- 
ING EFFECTS OF TOXICS ON LARGE LAKE 
ECOSYSTEMS, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Center for Environmental Studies. 

J. Cairns. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 291-316, 36 ref. 


Descriptors: *Prediction, *Monitoring, *Water 
pollution effects, *Lakes, *Toxicity, *Hazard as- 
sessment, Ecosystems, Water quality control, Fate 
of pollutants, Information exchange. 


Most information on toxics has been generated 
with single species laboratory tests. Many species 
used are not key species in large lakes and the test 
conditions are low in environmental realism. Vali- 
dation of = in rivers and small lakes is 
rare and almost non-existent in large lake ecosys- 
tem conditions. Similarly, most monitoring proto- 
cols and methods are designed to be used in 
streams, rivers, reservoirs, or small lakes. The lack 
of available information introduces an uncertainty 
into management decisions for large lakes and such 
decision are rarely as defensible as managers (and 
the public) would like them to be. To improve 
estimates of hazard due to toxics, the following 
suggestions are offered: (1) Data for hazard assess- 
ment should be gathered in a systematic, orderly 
way (i.e. protocol); (2) There must be recognition 
that some toxics require more testing than others; 
(3) The entire test series should consist of: (a) 
range finding tests, (b) predictive tests, (c) valida- 
tion of predictions, and (d) quality control moni- 
toring; (4) Avoid prescriptive legislation that ig- 
nores ecosystem differences (e.g. regulations pro- 
hibiting acidic discharges from artificial wetlands); 
(5) Couple environmental fate information with 
ecological effects information; (6) Involve ecoioxi- 
cologists from the beginning (i.e. research and 
development of the potentially toxic material) 
since they can advise on potential outcomes and 
sometimes determine when seemingly incompatible 
values might be in conflict; (7) Treat projects, 
where the outcome is highly uncertain, as experi- 
ments; (8) Public information in peer-reviewed 
professional journals; (9) Uncertainty is unavoid- 
able but pretending it does not exist results in poor 
hazard evaluation. If uncertainty is dealt with in a 
straightforward way, managers are better prepared 
for alternative outcomes; (10) Always validate lab- 
oratory test result in natural systems or surrogates 
that have a higher degree of environmental realism 
than the laboratory systems; and (11) Even when a 
chemical appears ‘safe’ be alert for cumulative 
effects either with other chemicals or other envi- 
ronmental stresses (e.g. temperature extremes, low 
dissolved oxygen concentration). (See also W89- 
02137) (Lantz-PTT) 

W89-02153 


SIGNIFICANCE OF ATMOSPHERIC INPUTS 
OF TOXIC MATERIALS TO LARGE LAKES, 
De Paul Univ., Chicago, IL. Dept. of Chemistry. 
T. J. Murphy. 

IN: Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Contami- 
nants. Lewis Publishers, Chelsea, Michigan, 1988. 
p 83-96, 1 fig, 7 tab, 21 ref. 


Descriptors: *Air pollution, *Lakes, *Water pollu- 
tion sources, *Water pollution effects, Productivi- 
ty, Meteorology, Climatology, Toxicity. 


The factors which determine whether or not the 
atmosphere is a significant source of toxic materials 
to large lakes are discussed. Lakes with low pro- 
ductivity, relatively small drainage areas, can be 
expected to be the most affected by atmospheric 
inputs of toxic materials. While large lakes get 
much larger inputs of toxic materials from the 
atmosphere than smaller lakes do, large lakes are 
not necessarily more —, to atmosphere 
inputs than small lakes are. The effects of a large 
lake on the meteorology and climatology are found 
to change the inputs of materials from the atmos- 
phere, and to complicate their determination. Most 
toxic materials have a residence time of only a few 
years in large lakes. Changes in the loadings of 
these materials, either increases or decreases, will 
be promptly reflected in the activity and toxicity 
of the material in a lake. Thus, pollution problems 
in large lakes are a reflection of recent practices. If 
these practices can be changed quickly, and the 
loading of the problem-causing toxic material de- 
creased, then the lake should improve at a rate 
related to the residence time of that material in the 
water, and NOT on the residence time of the water 





in the lake. (See also W89-02155) (Author’s ab- 
stract) 
W89-02161 


TOXICOLOGY TESTING AS A CONTROL 
STRATEGY, 

Chemical Industry Inst. of Toxicology, Research 
Triangle Park, NC. 

For primary bibliographic entry see Field 5G. 
W89-02 164 


DEGRADATION OF LAKE BAIKAL: FATE 
AND EFFECTS OF CONTAMINANTS 
PRESENT, 

Fish and Wildlife Service, Ann Arbor, MI. Great 
Lakes Fishery Lab. 

For primary bibliographic entry see Field 5B. 
W89-02171 


LAKE-WIDE IMPACTS OF LONG-TERM 
SOURCES OF XENOBIOTIC CONTAMI- 
NANTS: LAKE MANAGUA (NICARAGUA) AND 
LAKE MICHIGAN (UNITED STATES), 
Amsterdam Univ. (Netherlands). Vakgroep Aqua- 
tische Oecologie. 

W. R. Swain. 

IN: Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Contami- 
nants. Lewis Publishers, Chelsea, Michigan, 1988. 
p 389-427, 13 fig, 9 tab, 48 ref. 


Descriptors: *Water pollution effects, *Water pol- 
lution sources, *Lake Managua, *Nicaragua, *Lake 
Michigan, Mercury, Polychlorinated biphenyls, 
Municipal wastewater, Industrial wastes, Public 
health, Drinking water. 


The effects of long-term additions of toxic xeno- 
biotic materials were examined for two large lake 
ecosystems: Hg added to Lake Managua, Nicara- 
gua_and polychlorinated biphenyl compounds 
(PCBs) in Lake Michigan, United States. In addi- 
tion, the data available for municipal discharges of 
untreated domestic sewage were considered for 
Lake Managua. Between 1968 and 1980, a total of 
18,000 kg of Hg was discharged to Lake Managua 
from a chlor-alkali manufacturing facility which 
utilized a dropping-mercury cathode to produce 
chlorine. A 1983 survey reports sediment values 
ranging from 1.63 to 210 mg Hg/kg in the embay- 
ment adjacent to the industrial outfall. Fish and 
water column data suggest a lake-wide dispersion 
of the material. With recent increases in loss rates, 
the estimated total loading is of the order of 37,000 
kg Hg to Lake Managua since the initiation of 
industrial operations in 1968. The effects of a 
former industrial discharge and a contemporary in- 
situ source of PCBs were examined for Lake 
Michigan. During the period 1955-1970, a manu- 
facturer of internal combustion engines purchased 
and presumably used chemical formulations of ma- 
terials containing an estimated 5,300,000 kg PCB. 
Residual sedimentary values of PCB in the harbor 
complex which received the discharges (Wauke- 
gan, Illinois) range from 74 to 16,400 mg PCB/kg 
and from 1.2 to 246,000 mg/kg in an adjacent small 
tributary to Lake Michigan. The impacts of these 
contaminating additions are considered on a lake- 
wide basis for each of the two large lake ecosys- 
tems, and the impacts on biota are examined. In 
each case, the potential for human exposure to 
toxic residue-forming contaminants is considered; 
primarily by ingestion of Lake Michigan fish, and 
by consumption of drinking water derived from a 
lagoon influenced by the waters of Lake Managua. 
(See also W89-02155) (Lantz-PTT) 

W89-02175 


HEALTH IMPLICATIONS OF GROUNDWAT- 
ER CONTAMINANTS, 

Michigan State Univ., East Lansing. Center for 
Environmental Toxicology. 

M. A. Kamrin. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 225- 
233, 1 tab. 


Descriptors: *Water pollution effects, *Public 
health, *Toxicity, *Human diseases, *Groundwater 
pollution, Cancer, Behavior, Reproduction. 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


The issue of health effects of water contaminants 
has returned to public attention; however, this time 
with respect to chemical rather than biological 
contaminants. Chemicals can be detected at minute 
levels, parts per trillion in many cases and even 
lower in some. Possible health effects, however, 
vary tremendously from nonspecific symptoms 
such as headhache and nausea to life-threatening 
illnesses such as liver damage and cancer. There 
are three basic approaches to assess: direct meas- 
ures of the environment (groundwater in this case), 
indirect measures of the environment (e.g. sentinel 
animals), and direct examination of the population 
thought to be exposed. Exposure assessment is not 
a very exact process when applied to the health 
effects of most concern -- chronic toxicity. It is 
most often the limiting factor in trying to appraise 
the connection between an environmental contami- 
nant and toxicity accurately. The techniques avail- 
able for assessment of chronic toxicity (reproduc- 
tive damage, behavioral effect, cancer), especially 
carcinogenicity, provide rather clear evidence as 
to whether or not a particular chemical causes a 
particular effect in animals. However, they are not 
designed to provide quantitative assessments at en- 
vironmentally relevant levels; and their applicabil- 
ity to human populations is not clear, especially as 
to the exact levels which give rise to a particular 
outcome. These uncertainties, taken together with 
the difficulties in exposure assessment, contribute 
to the current absence of definite conclusions about 
the relationship between most environmental expo- 
sures and chronic health effects. (See also W89- 
02196) (Lantz-PTT) 

W89-02211 


5D. Waste Treatment Processes 


SEASONAL VARIATIONS OF PHYTOPLANK- 
TON IN A SERIES OF WASTE TREATMENT 
LAGOONS (CHIMKENT, CENTRAL ASIA): I. 
ARTIFICIAL INOCULATION AND ROLE OF 
ALGAE IN SEWAGE PURIFICATION, 

A. E. Ergashev, and S. Tajiev. 

Internationale Revue der Gesamten Hydrobiologie 
IGHYA2, Vol. 71, No. 4, p, 1986. 


Descriptors: *Wastewater treatment, *Biological 
wastewater treatment, *Phytoplankton, *Algae, 
Artificial inoculation, Seasonal variation, Asia, 
USSR. 


Increasing the number of species by means of 
artificial introduction of algae was studied. Algae 
collected from fish ponds, roadside pits, deep cuts, 
and temporary water bodies were temporarily in- 
cubated in 20-1 bottles and then added to sewage 
treatment ponds. Altogether there were recorded 
212 species and forms: 128 in spring, 165 in 
summer, 119 in autumn and 61 in winter in all the 
ponds inoculated. The maximal cell number of 
phytoplankton occurs in summer, the minimal in 
winter. The active role of algae in the sewage 
purification is shown. It is concluded that the 
ponds are efficient in biological wastewater treat- 
ment under Central Asian conditions. (Sand-PTT) 
W89-01275 


PACKED- AND FLUIDIZED-BED BIOFILM 
REACTOR PERFORMANCE FOR ANAERO- 
BIC WASTEWATER TREATMENT, 
Eidgenoessische Technische Hochschule, Zurich 
(Switzerland). Dept. of Chemical Engineering. 

M. Denac, and I. J. Dunn. 

Biotechnology and Bioengineering BIBIAU, Vol. 
32, No. 2, p 159-173, July 5, 1988. 23 fig, 5 tab, 20 
ref. 


Descriptors: *Wastewater treatment, *Biological 
wastewater treatment, *Fluidized bed process, 
*Packed bed process, Biofilm reactors, Compari- 
son studies, Performance evaulation, Chemical 
oxygen demand, Molasses, Whey. 


Anaerobic degradation performance of a laborato- 
ry packed-bed reactor (PBR) was compared with 
two fluidized-bed biofilm reactors (FBR) on molas- 
ses and whey feeds. The reactors were operated 
under constant pH (7) and temperature (35 C) 
conditions and were well mixed with high recircu- 


107 


lation rates. As carrier, sand of 0.3-0.5 mm diame- 
ter was used in the FBR, and porous clay spheres 
of 6 mm diameter were used in the PBR. Start-up 
of the PBR was achieved with 1-5 day residence 
times. Start-up of the FBR was only successful if 
liquid residence times were held low at 2-3 h. 
Chemical oxygen demand (COD) degradations of 
86% with molasses were reached in both reactors 
at 6 h residence time and loadings of 10 g COD/L 
day. The results of dynamic step change experi- 
ments, in which residence times and feed concen- 
trations were changed at constant loading, demon- 
strated the rapid response of the reactors. Thus, 
the response times for an increase in gas rate or an 
increase in organic acids due to an increase in feed 
concentration were less than 1 day and could be 
explained by substrate limitation. Other slower re- 
sponses were observed in which the reactor cul- 
ture adapted over periods of 5-10 days; these were 
apparently growth related. An increase in loading 
of over 100% always resulted in large increases in 
organic acids, especially acetic and propionic, as 
well as large increases in the CO2 gas content. In 
general, the CO2 content was very low due to the 
large amount of dissolved CO2 that exited with the 
liquid phase at low residence times. The perform- 
ance of the FBR with whey was comparable to its 
performance with molasses, and switching of mo- 
lasses to whey feed resulted in immediate good 
performance without adaptation. (Author’s ab- 
stract) 

W89-01284 


NUTRIENT REMOVAL BIOLOGICAL OXIDA- 
TION OF AMMONIA NITROGEN, 

V. Stack. 

Water Pollution Control Association of Pennsylva- 
nia Magazine, Vol. 21 No. 4, p 9-11, July-August 
1988. 2 fig. 


Descriptors: *Wastewater treatment, *Biological 
wastewater treatment, *Activated sludge, Nutrient 
removal, Ammonia nitrogen, Temporal variation, 
Shock loads. 


In biological systems that process ammonia-N as 
the primary source of energy, short-term variations 
in ammonia-N loading (a few hours to 1 day) will 
be seen in the effluent because of the long genera- 
tion period for the nitrification organisms. In do- 
mestic wastewater systems, the breakthrough of 
ammonia-N at peak loading is less than might be 
expected because of the buffering provided by the 
uptake of ammonia-N in synthesis reactions. Indus- 
trial ammonia-N should be equalized before dis- 
charge and adequate alkalinity should be available 
so that a population of nitrification organisms will 
develop to process to waste. If this is not done, 
peak concentrations from slug load could pass 
through the treatment plant. (Author's abstract) 
W89-01286 


BIOLOGICAL NUTRIENT CONTROL BY THE 
A/O PROCESS, 

K. D. Tracy. 

Water Pollution Control Association of Pennsylva- 
nia Magazine, Vol. 21 No. 4, p 22-26, July-August 
1988. 5 fig, 1 tab, 7 ref. 


Descriptors: *Wastewater treatment, *Biological 
wastewater treatment, *Activated sludge, Nutrient 
removal, Phosphorus removal, Biochemical 
oxygen demand, Design criteria. 


Biological phosphorus removal is made possible by 
a survival mechanism that allows certain microor- 
ganisms to take up BOD under anaerobic condi- 
tions using energy from stored polyphosphates. 
Because of the interaction between BOD removal 
and P storage the BODs/P (soluble biochemical 
oxygen demand to orthophosphate ratio) and Fs/ 
M (soluble BOD to biomass) ratios are important 
design variables. P removal is favored by high 
values of both ratios. Data from full-scale facilities 
has shown that long-term reliability of P removal 
can be maintained with nitrification alone or with 
nitrification and denitrification. (Author's abstract) 
W89-01287 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


HISTORY OF POINT SOURCE CONTROL OF 
NUTRIENTS IN PENNSYLVANIA AND 
OTHER CHESAPEAKE BAY STATES: PART I, 
W. A. Lyon. 

Water Pollution Control Association of Pennsylva- 
nia Magazine Vol. 21, No. 4, p 34-37, July-August 
1988. 4 fig. 


Descriptors: *Water pollution control, *Chesa- 
peake Bay, ‘*Pennsylvania, *Eutrophication, 
*Water pollution sources, *Environmental policy, 
Path of pollutants, Great Lakes, Susquehanna 
River, Wastewater facilities, Nitrogen, Phospho- 
rus, Lake Erie, Lake Ontario, Environmental Pro- 
tection Agency, Industrial wastes, Nonpoint pollu- 
tion sources, Nutrients, Sedimentation, Estuaries, 
Hurricanes. 


The sources of nutrients reaching the Chesapeake 
Bay are discussed. The pollution of the Chesa- 
peake Bay is compared with that in the Lower 
Great Lakes Basin. The need for control of nutri- 
ents derives from the process of eutrophication, 
which is a natural process that is accelerated by 
human activities, agricultural runoff, animal 
wastes, septage, and some industrial wastes. These 
problems were recognized in reports submitted in 
the late 1960s and early 1970s concerning Lakes 
Erie and Ontario. Similarly, in 1983 the Environ- 
mental Protection Agency’s Chesapeake Bay 
Framework for Action’ report described the ad- 
verse effects of nutrients on this body of water. 
Point sources recognized were municipal sewage 
treatment plants and some industrial waste treat- 
ment facilities that release N- and P-containing 
effluents. Publicly owned treatment works are the 
major sources of N and P to the Chesapeake Bay. 
Municipal loadings also enter the Bay in the dis- 
charge from the Susquehanna River basin (2.9 mil- 
lion pounds of P during an average rainfall year). 
Nonpoint sources of phosphorus are mainly farm 
animal wastes, dead vegetation, fertilizers applied 
to fields, and effluents from storm sewers and 
combined municipal sewers. A significant share of 
the nonpoint inputs results from natural processes, 
such as sediment input from Hurricane Agnes in 
1972, which created 60 acres of islands in the Bay. 
The EPA report makes no distinction between 
natural and man-made nonpoint sources. (See also 
W89-01289) (Rochester-PTT) 

W89-01288 


HISTORY OF POINT SOURCE CONTROL OF 
NUTRIENTS IN PENNSYLVANIA AND 
OTHER CHESAPEAKE BAY STATES: PART II, 
For primary bibliographic entry see Field 5G. 
W89-01289 


EFFECT OF OIL EMULSIONS ON THE 
COUNTER CURRENT AIR STRIPPING OF 
TOLUENE, 

Drexel Univ., Philadelphia, PA. Dept. of Civil 
Engineering. 

D. H. Zitomer. 

Water Pollution Control Association of Pennsylva- 
nia Magazine Vol. 21, No. 5, p 18-25, September- 
October 1988. 4 fig, 3 tab, 15 ref. 


Descriptors: *Oily water, *Toluene, *Air strip- 
ping, *Emulsions, *Wastewater treatment, *Indus- 
trial wastewater, Leachates, Hazardous materials, 
Performance evaluation, Volatile organic com- 
pounds, Wastewater facilities. 


A bench-scale counter current air stripping column 
was employed to remove toluene from a mineral 
oil/water emulsion. The mineral oil was used to 
simulate floatable oil and grease commonly found 
in wastewaters typical of hazardous waste site lea- 
chates, petroleum, chemical and metal finishing 
industries, and other similar wastewaters contain- 
ing volatile organic compounds (VOCs) in addition 
to oily constituents. Toluene removal was retarded 
by oil emulsions. Retardation of toluene removal 
increased as mineral oil concentration increased. 
The relationship between retardation of toluene 
removal and oil concentration was expressed as a 
linear function with a correlation coefficient of 
0.92. Toluene removal efficiency was reduced less 
than 10% when the oil concentration was 500 mg/ 
L or less. At an oil concentration of 3363 mg/L, 


removal efficiency was only 30% of what would 
have been expected in the absence of oil. It can be 
inferred from these laboratory results that counter 
current air stripping of VOCs from oily 
wastewaters may be possible if the concentration 
of oily constituents is relatively low. (Author's 
abstract) 

W89-01290 


*‘WHO’S ON FIRST’ WITH RIGHT TO KNOW, 
For primary bibliographic entry see Field 6E. 
W89-01291 


RECENT SEWAGE FINANCING IN PENNSYL- 
Collings, Legg, Mason, Inc., Philadelphia, PA. 

For primary bibliographic entry see Field 6C. 
W89-01292 


MARKETING SLUDGE COMPOST IN JAPAN, 
Japan Sewage Works Agency, Toda. Research and 
Technology Development Div. 

For primary bibliographic entry see Field 5E. 
W89-01294 


VARIATION IN PROPERTIES OF SEWAGE 
SLUDGE, 

Neya River Basin - Wide Sewage Works Associa- 
tion, Osaka (Japan). 

T. Hanasaki, H. Ohnishi, S. Tanada, and T. 
Aratani. 

Bulletin of Environmental Contamination and 
Toxicology BECTA6, Vol. 41, No. 1, p 121-126, 
July 1988. 6 fig, 1 tab, 1 ref. 


Descriptors: *Wastewater treatment, *Sludge, 
*Activated sludge, Sludge thickening. 

For proper operation and management of process- 
es of sewage sludge disposal, both seasonal and 
long-term variations in the properties of sludge 
have to be made clear. A time series analysis of the 
sludge properties was performed in order to clarify 
the annual and long-term changes. Two variables 
were considered, i.e. sludge concentration and 
sludge organic ratio of the concentrated sludge. 
The sludge concentration increases in summer and 
decreases in winter with a maximum-minimum dif- 
ference of about 3%, while the sludge organic 
ratio toward a maximum-minimum difference of 
about 30%. Each of the two variables changes 
periodically with a period of 360-380 days. The 
periodicity of these two variables gradually be- 
comes less prominent over time. To investigate the 
long-term variations in the properties of sludge, 
time series data were subjected to a linear regres- 
sion analysis. The trend equations of the sludge 
concentration indicate an annual decrease of about 
0.25%. Similarly, the sludge organic ratio increases 
about 2.0%, indicating a worsening tendency over 
a long period. The trend regarding the amount of 
treated water was calculated and it was inferred 
that the amount increased annually by 5500 cu m. 
This increase has a close relation with the spread 
of the sewerage system. An increase in treated 
water will result in a rise in sludge organic ratio, 
leading to a decrease in the sludge concentration. 
This will finally affect the sludge concentration 
capability. (Sand-PTT) 

W89-01302 


REACTION OF ORGANIC PHOSPHATE 
ESTERS WITH CHLORINE IN AQUEOUS SO- 
LUTION, 

Kitakyushu Municipal 
Health Sciences (Japan). 
For primary bibliographic entry see Field 5B. 
W89-01303 


Inst. of Environmental 


EUTROPHICATION OF THE COASTAL 
WATERS OF THE NORTH ADRIATIC SEA: 
NATIONAL AND REGIONAL INTERVENTION 
PROGRAMS, 
Emilia-Romagna Regional Authorities, Bologna 
(Italy). 
For primary bibliographic entry see Field 5C. 
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EUTROPHICATION OF INLAND 
COASTAL WATERS IN ITALY, 

Istituto di Ricerca sulle Acque, Milan (Italy). Re- 
parto Sperimentale di Idrobiologia Applicata. 

For primary bibliographic entry see Field 5C. 
W89-01305 


AND 


CORRELATION OF COMPOUND PROPER- 
TIES WITH BIOSORPTION OF ORGANIC 
COMPOUNDS, 

New Jersey Inst. of Tech., Newark. Dept. of Civil 
and Environmental Engineering. 

A. Selvakumar, and H. N. Hsieh. 

Journal of Environmental Science and Health (A) 
JESEDU, Vol. 23, No. 6, p 543-557, 1988. 4 fig, 3 
tab, 6 ref. 


Descriptors: *Wastewater treatment, *Organic 
compounds, *Sorption isotherms, *Activated 
sludge, *Nitrogen fixing bacteria, Biomass, Phen- 
ols, Benzenes, Chlorinated hydrocarbons, Biologi- 
cal wastewater treatment. 


The sorption of organic compounds (phenol, 2- 
chlorophenol, 2-nitrophenol, chlorobenzene, ethyl- 
benzene) by inactive microbial biomass was inves- 
tigated using (1) dewatered activated sludge and 
(2) nitrifying bacteria from a wastewater treatment 
plant. The sorption isotherms were linear over the 
range of concentrations (50-200 mg/l) studied. The 
linear partition coefficients were directly related to 
organic carbon content of the biomass. Octanol/ 
water partition coefficient is a much better predic- 
tor of extent of adsorption on biomass than aque- 
ous solubility. Reasonable estimation of the sorp- 
tion behavior of organic pollutants can be made 
from a knowledge of organic carbon content of the 
biomass and octanol/water partition coefficient of 
the organic pollutants. (Author's abstract) 
W89-01325 


OPTIMAL ORGANICS REMOVAL IN SAND 
BEDS, TREATING INDUSTRIAL INFLUENT, 
Baghdad Univ. (Iraq). Coll. of Engineering. 

S. A. Musa, N. Al-Masri, and S. Sabri. 

Journal of Environmental Science and Health (A) 
JESEDU, Vol. 23, No. 6, p 569-583, 1988. 4 fig, 8 
tab, 10 ref. 


Descriptors: *Wastewater treatment, *Food-Proc- 
essing wastes, *Organic compounds, *Chemical 
oxygen demand, Industrial water, Sand beds. 


The use of sand beds was investigated for treating 
a beer factory wastewater for organic content re- 
moval based upon the chemical oxygen demand 
(COD). Optimum COD removal percentages were 
90 to 96% for sand depth 61 to 82.5 cm and applied 
influent COD concentrations of 1550 to 2125 mg/I. 
Prediction models of the bed - COD removal 
percentage in terms of sand depth and influent 
concentration were determined. The models are 
able to predict COD removal percentages of sand 
beds as depths varied from 20 to 100 cm and 
maximum influent COD concentrations of 2500 
mg/l. (Sand-PTT) 

W89-01327 


EFFECTS OF SURFACE-ACTIVE AGENTS ON 
THE SALINITY TOLERANCE OF WATER 
HYACINTH (EICHHORNIA CRASSIPES), 
Okayama Univ., Kurashiki (Japan). Inst. for Agri- 
cultural and Biological Sciences. 

S. Muramoto, and Y. Oki. 

Journal of Environmental Science and Health (A) 
JESEDU, Vol. 23, No. 6, p 603-611, 1988. 4 fig, 1 
tab, 10 ref. 


Descriptors: *Aquatic plants, *Floating plants, 
*Water hyacinth, *Wastewater treatment, *Surfac- 
tants, Estuaries, Sodium dodecyl sulfate, Salinity. 


Water hyacinth (Eichhornia crassipes (Mart.) 
solms) has received attention because of its poten- 
tial for removal of pollutants when utilized as a 
biological filtration system. The influence of levels 
of salinity and surface-active agents in water for 
the growth of water hyacinth plants was deter- 
mined. The lethal level of salinity for water hya- 





cinth is between 6.0 - 8.0% of sea water, which is 
higher than the level of 2.3% reported several 
years ago. (Author’s abstract) 

W89-01329 


PRACTICAL APPLICATION OF VARIOUS 
TECHNIQUES TO CONTROL SLUDGE BULK- 
ING, 

Port Elizabeth City Engineer's Dept. (South 
Africa). 

R. W. Wakefield, and J. A. Slim. 

Journal of the Institution of Water and Environ- 
mental Management, Vol. 2, No. 3, p 311-318, June 
1988. 3 fig, 3 tab, 10 ref. 


Descriptors: *Bulking sludge, *Activated sludge, 
*Wastewater treatment, Sludge, Sludge drying, 
Sludge thickening, Chlorination, Suspended solids, 
Aeration, Water reuse, South Africa. 


The Fishwater Flats water reclamation works in 
Port Elizabeth, South Africa has been severely 
affected by activated-sludge bulking since its com- 
missioning in 1976. This paper describes the con- 
trol measures which have been investigated on a 
full plant scale, together with the results obtained 
from: (1) chlorination of return activated sludge; 
(2) the installation of selectors; and (3) modifica- 
tion of the feed pattern. Results indicate that 
sludge bulking can be controlled. Sludge bulking is 
a phenomenon which occurs in activated sludge 
plants whereby the activated sludge occupies an 
excessive volume and does not settle readily so 
that in extreme cases the effluent from the second- 
ary settlement tanks contains an excessive amount 
of suspended matter. This problem is usually asso- 
ciated with the presence of filamentous organisms. 
(Author’s abstract) 

W89-01354 


DESIGN AND CONSTRUCTION OF THE ISLE 
OF DOGS PUMPING STATION, 

— (William) and Partners, London (Eng- 
and). 

M. B. Bennett, I. G. Harmond, R. A. Legg, and J. 
Lewin. 

Journal of the Institution of Water and Environ- 
mental Management, Vol. 2, No. 3, p 319-331, June 
1988. 4 fig, 3 tab, 4 ref, append. 


Descriptors: *Hydraulic design, *Construction, 
*Pumping plants, *Pumps, *Stormwater drainage, 
*London, England, Automation, Telemetry, Hy- 
draulic machinery, Screens, Model studies, Surge 
tanks, Outfall, Sediment transport, Zoning, Pipe- 
lines, Control systems, Engineering, Civil engi- 
neering, Architecture, Electrical equipment. 


The pumping station of the newly developed En- 
terprise Zone of the Isle of Dogs, London is de- 
scribed. The station employs submersible pumps to 
drain surface water from the zone and discharges 
storm overflows from an existing combined sewer 
system. At full development, the nominal capacity 
of the pumps will be 12 cu m/s. After screening, 
the flow passes to the pump chamber, where 12 
main and two sump pumps are located. The main 
pumps deliver through individual syphon dis- 
charge pipes to a high level surge tank, which 
drains by gravity through a short outfall to the 
river Thames. Diaphragm walling was used in the 
construction of the foundations and underground 
work. Attractive brick buildings form the pump 
hall and building housing the high voltage electri- 
cal equipment and the transformers. Steel sheet 
piles protect the river frontage. The station will 
operate unattended, and will be controlled auto- 
matically by water level sensors. Supervision will 
be by telemetry links to the Thames Water Auth- 
ority’s (TWA) area control center at Abbey Mills. 
(Author’s abstract) 

W89-01355 


TREATING INDUSTRIAL PLANT 
WASTEWATER: MEETING TODAY’S COM- 
PLIANCE CHALLENGES, 

BCM Engineers, Mobile, AL. 

J. E. Norris. 

Consulting/Specifying Engineer, Vol. 3, No. 3, p 
94-96, March 1988. 2 tab. 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


Descriptors: *Wastewater treatment, *Wastewater 
facilities, *Water quality, *Pollutant identification, 
*Design standards, Water Quality Act, *legal as- 
pects, Standards, Regulations, Compliance. 


The organic chemicals industry is used as an exam- 
ple to demonstrate the importance of industrial 
wastewater treatment analytical and compliance 
issues. Even utilizing the best available treatment 
(BAT) technology (i.e., in-unit carbon absorption, 
Stream stripping, biological treatment and final 
end-of-pipe biological treatment) cannot assure 
compliance with recently established effluent 
limits. Examples of the analytical difficulties are 
presented using the models effluents containing the 
pollutants benzene, ethylbenzene, chloroform, 2,4- 
dimethylphenol, and 4-nitrophenol. Good design 
and rigorous operation of wastewater treatment 
facilities does not guarantee compliance. Close at- 
tention must be paid to the taking of good analyti- 
cal samples and to the application of good analyti- 
cal science in the laboratory. A mature evaluation 
of the data and recognition of its inherent uncer- 
tainty also is a must. (Roseman-PTT) 

W89-01400 


INTERACTIONS BETWEEN CHLOROLIGNIN 
AND POLYSULFONE ULTRAFILTRATION 
MEMBRANES, 

Lappeenrannan Teknillinen Korkeakoulu (Fin- 
land). 

M. Lindstrom, M. Nystrom, and M. Laatikainen. 
Separation Science and Technology SSTEDS, 
Vol. 23, No. 6 and 7, p 703-717, 1988. 8 fig, 2 tab, 
15 ref. 


Descriptors: *Pulp wastes, *Bleaching wastes, 
*Fouling, *Membrane processes, *Membrane fil- 
ters, *Wastewater treatment, Chemical properties, 
Ultrafiltration, Chlorolignin, Polysulfone. 


Interactions between chlorolignin and polysulfone 
ultrafiltration membranes have been studied by 
means of direct adsorption measurements and ul- 
trafiltration experiments. Electrostatic repulsion 
between the negatively charged polyions and the 
surface of the membrane seems to govern ultrafil- 
tration of chlorolignin at pH > 5, which was 
characterized by high retention and relatively low 
flux reduction. At these pH values, adsorption of 
chlorolignin on polysulfone surfaces was negligible 
and irreversible fouling of the membrane did not 
occur. Flux reduction at high pH values was 
caused mainly by penetration of a small fraction of 
chlorlignin molecules into the pores of the mem- 
brane, which caused frictional flux reduction and 
lower retention. These phenomena were bound to 
the bulk concentration of chlorolignin in solution. 
At low pH values, adsorption of chlorolignin in 
the pores of polysulfone membranes may cause 
fouling which can be purged by washing with 
alkaline solutions. At low pH values, the tendency 
of chlorolignin to gel also can cause gel layer 
formation on the surface of the membrane. This gel 
layer may act as a secondary membrane which 
affects retention and flux in a way which is diffi- 
cult to predict. (Hammond-PTT) 

W89-01438 


TREATMENT OF BLEACHING WATERS IN 
THE PAPER INDUSTRY BY HYDROGEN 
PEROXIDE AND ULTRAVIOLET RADIATION, 
Barcelona Univ. (Spain). Dept. Ingenieria Quimica 
y Metalurgia. 

C. Prat, M. Vicente, and S. Esplugas. 

Water Research WATRAG, Vol. 22, No. 6, p 663- 
668, June 1988. 6 fig, 2 tab, 13 ref. 


Descriptors: *Bleaching wastes, *Oxidation, *UI- 
traviolet radiation, *Pulp wastes, *Wastewater 
treatment, Cost analysis, Hydrogen peroxide, In- 
dustrial wastes, Photochemistry, Kinetics, Color, 
Hydrogen ion concentration. 


The use of hydrogen peroxide combined with ul- 
traviolet radiation was examined for the treatment 
of wastewaters from the chlorination and extrac- 
tion stages of paper pulp bleaching. The kinetic 
constants corresponding to the elimination of color 
from these effluents and their variation with the 
pH of the medium were determined. For a similar 


reaction time, the color reduction of the effluent 
was greatest at basic pH. Hydrogen peroxide com- 
bined with ultraviolet radiation always leads to a 
greater reduction of color in the effluent than 
when this oxidant is used in darkness, but the 
method is not economically competitive. This is 
because the improvement in the rate of reaction is 
not high enough to compensate for the complexity 
of the necessary installation or the additional oper- 
ating costs. (Rochester-PTT) 

W89-01443 


MAXIMUM LIKELIHOOD ANALYSIS OF DIS- 
INFECTION KINETICS, 

Illinois Inst. of Tech., Chicago. Pritzker Dept. of 
Environmental Engineering. 

C. N. Haas. 

Water Research WATRAG, Vol. 22, No. 6, p 669- 
677, June 1988. 6 fig, 7 tab, 27 ref. 


Descriptors: *Disinfection, *Kinetics, *Frequency 
distribution, *Water treatment, *Wastewater treat- 
ment, *Regression analysis, *Bacterial analysis, 
Maximum likelihood, Comparison studies, Per- 
formance evaluation, Errors. 


Disinfection kinetics may be ascertained from ex- 
periments using plate-count (or analogous plaque- 
count) assays using sequential linear regression, 
nonlinear least squares regression, or maximum 
likelihood estimation (assuming Poisson replication 
errors). It is demonstrated that the last of these 
procedures yields estimates of inactivation param- 
eters of lesser bias and variance than the other two 
procedures, even when the true between-replicate 
errors are distributed with variances exceeding the 
Poisson distribution. (Author's abstract) 
W89-01444 


TREATMENT OF LANDFILL LEACHATES IN 
ON-SITE AERATED LAGOON PLANTS: EXPE- 
RIENCE IN BRITAIN AND IRELAND, 
Aspinwall and Co., Shrewsbury (England). 

H. D. Robinson, and G. Grantham. 

Water Research WATRAG, Vol. 22, No. 6, p 733- 
747, June 1988. 8 fig, 4 tab, 13 ref. 


Descriptors: *Landfill leachates, *Aerated lagoons, 
*Wastewater treatment, “Leachate treatment, 
*Domestic wastes, Lagoons, Ammonia, Organic 
compounds, Biological oxygen demand, Iron, 
Manganese, Zinc, England, Wales, Ireland, Chemi- 
cal oxygen demand, Landfills, Automation, Eco- 
nomic aspects, Performance evaluation. 


A full-scale, automated leachate treatment plant 
has been operated since mid-1983 at the Bryn 
Posteg Landfill Site, in mid-Wales. The plant has 
provided high-quality data on both technical and 
economic aspects over 3 yr of operation. The 
leachate treatment plant is centered on a large 
aerated lagoon with a long (> 10 days) mean 
period of retention; control systems enable treat- 
ment to be accomplished in an almost completely- 
automatic manner, with minimal attention. During 
the first 30 mo of continuous operation of the 
plant, including 2 summers and 3 winters, the BOD 
of leachate being treated exceeded 10,000 mg/l for 
extended periods (flow-weighted mean value 3700 
mg/1). The effluent BOD has rarely exceeded 50 
mg/I (flow-weighted mean 18 mg/l). Better than 
97% removal of COD has been maintained, to- 
gether with excellent removal of ammonia, iron, 
manganese, and zinc. Treatment costs are outlined 
and summarized. Two similar plants at Wiltshire 
(England) and County Louth (Southern Ireland) 
are described briefly. (Author's abstract) 
W89-01451 


SCUM ACTINOMYCETES IN SEWAGE 
TREATMENT PLANTS: PART 1. GROWTH KI- 
NETICS OF NOCARDIA AMARAE IN CHE- 
MOSTAT CULTURE, 

Bayerische Landesanstalt fuer Wasserforschung, 
Munich (Germany, F.R.). 

M. Baumann, H. Lemmer, and H. Ries. 

Water Research WATRAG, Vol. 22, No. 6, p 755- 
759, June 1988. 1 fig, 2 tab, 15 ref. Kuratorium fuer 
Wasserwirtschaft Grant C00-1.07/83. 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


Descriptors: *Actinomycetes, *Biological 
wastewater treatment, *Model studies, *Scum, 
*Kinetics, Monod equation, Sludge bacteria, 
Wastewater treatment, Bacteria, Chemostats, 
Batch culture, Continuous culture, Comparison 
studies, Numerical analysis, Physiological ecology, 
Bacterial growth, Mathematical models. 


The scum actinomycete Nocardia amarae was 
grown in batch culture and in chemostat culture on 
a fructose-peptone-yeast extract substrate. Che- 
mostat growth was modeled with a two-substrate 
Monod equation incorporating six parameters, in- 
cluding maximum growth, kinetic constants for 
substrate and oxygen, cell yield, and wall growth. 
These parameters were identified by numerically 
optimizing the fit. Among the parameters, maxi- 
mum growth rate = 0.087 + or - 0.0075/hr and K 
sub S = 675 + or - 124 mg/l, a value much higher 
than reported for other sludge bacteria. The results 
are compared with published findings for other 
sludge bacteria and the different growth strategies 
of these organisms are discussed. (See W89-01454 
thru W89-01455) (Author's abstract) 

W89-01453 


SCUM ACTINOMYCETES IN SEWAGE 
TREATMENT PLANTS: PART 2. THE EFFECT 
OF HYDROPHOBIC SUBSTRATE, 

Bayerische Landesanstalt fuer Wasserforschung, 
Munich (Germany, F.R.). 

H. Lemmer, and M. Baumann. 

Water Research WATRAG, Vol. 22, No. 6, p 761- 
763, June 1988. 1 tab, 6 ref. Deutsche Forschungs- 
gemeinschaft Grant Po231/1-3. 


Descriptors: *Actinomycetes, *Biological 
wastewater treatment, *Activated sludge, *Scum, 
*Hydrophobic compounds, Industrial wastewater, 
Hexadecane, Antifoaming agents, Dodecylbenzen- 
esulfonate, Sludge bacteria, Wastewater treatment, 
Bacteria, Physiological ecology, Bacterial metabo- 
lism, Residence time, Substrates, Surfactants. 


The effect of the addition of several hydrophobic 
substrates (hexadecane, industrial wastewater with 
a high content of nonpolar hydrocarbons, silicone 
antifoaming agent, and dodecylbenzenesulfonate) 
on the growth of Nocardia amarae in activated 
sludge was investigated in bench-scale sewage 
treatment plants at different F/M ratios of readily 
degradable substrate (nutrient broth). In all cases 
addition of hydrophobic substances enhanced the 
competitional success of N. amarae within the 
sludge biocenosis compared to the controls. The 
effect was most pronounced at low F/M ratios 
(i.e., 0.07-0.15 kg/kgd). Reasons for the observed 
results include the utilizability of these substrates as 
selectively available food and the physical effects 
that increase the mean cell residence time of actin- 
omycetes. (See also W89-01453 and W89-01455) 
(Author’s abstract) 

W89-01454 


SCUM ACTINOMYCETES IN SEWAGE 
TREATMENT PLANTS: PART 3. SYNERGISMS 
WITH OTHER SLUDGE BACTERIA, 

Bayerische Landesanstalt fuer Wasserforschung, 
Munich (Germany, F.R.). 

H. Lemmer, and M. Baumann. 

Water Research WATRAG, Vol. 22, No. 6, p 765- 
767, June 1988. 1 tab, 7 ref. Deutsche Forschungs- 
gemeinschaft Grant Po231/1-3. 


Descriptors: *Synergistic effects, *Actinomycetes, 
*Biological wastewater treatment, *Activated 
sludge, Sludge bacteria, Wastewater treatment, Po- 
lysaccharides, Bacteria, Biodegradation, Denitrifi- 
cation, Biomass, Biogas, Flotation, Physiological 
ecology. 


Three types of synergisms by which the success of 
actinomycetes in the activated sludge biocenosis 
might be enhanced by other sludge bacteria were 
investigated. No evidence was found that Pseudo- 
monas sp., Alcaligenes sp., Flavobacterium sp., 
Acinetobacter sp., and samples of activated sludge 
were able to degrade polysaccharides in activated 
sludge and provide actinomycetes with soluble 
sugars. No evidence was found that gas bubbles, 
which cause flotation of activated sludge, originate 


in N2 from denitrification processes or in H2S- 
production from activated sludge sampled from 
the secondary clarifier. Biomass production of 
two-strain cultures of Nocardia amarae with Pseu- 
domonas sp., Alcaligenes sp., Flavobacterium sp., 
and Acinetobacter sp. was compared with axenic 
growth. N. amarae growing together with Acine- 
tobacter sp. showed significantly higher biomass 
production than the sum of the biomass production 
of the axenic controls. For the other pairs no 
significant synergism was detected. (See W89- 
01453 thru W89-01454) (Author’s abstract) 
W89-01455 


FLOW THROUGH ACTIVATED SLUDGE 
FL 


Ocs, 
Toronto Univ. (Ontario). Dept. of Civil Engineer- 
ing. 
D. -H. Li, and J. Ganczarczyk. 
Water Research WATRAG, Vol. 22, No. 6, p 789- 
792, June 1988. 3 fig, 2 tab, 19 ref. 


Descriptors: *Activated sludge, *Flocs, *Flow pat- 
terns, *Permeability, *Fluid mechanics, *Porosity, 
Wastewater treatment, Biological wastewater 
treatment, Biomass, Sedimentation, Settling veloci- 
ty, Activated carbon, Coke, Resins. 


Experimental evidence is presented to support the 
hypothesis of Hung and Logan that fluid flows 
through activated sludge flocs. The evidence was 
obtained from a sedimentation study of activated 
sludge flocs formed with and without impermeable 
carriers. The settling velocities of carrier/activated 
sludge flocs formed in the presence of activated 
carbon, coke, and resin were at least no higher 
than the settling velocities of the comparable size 
flocs formed without carriers. Considering that the 
carbon and coke have densities much higher than, 
and the resin density is closer to, that of floc 
biomass, differences in the settling velocities of 
activated sludge flocs and carrier/activated sludge 
flocs provide evidence of fluid flow through acti- 
vated sludge flocs. (Rochester-PTT) 

W89-01459 


LAND FARMING OF RESERVE PIT FLUIDS 
AND SLUDGES: FATES OF SELECTED CON- 
TAMINANTS, 

Oklahoma State Univ., Stillwater. 

For primary bibliographic entry see Field 5B. 
W89-01460 


WASTEWATER COLLECTION, 

RJN Environmental Associates, Inc., Wheaton, 
IL. 

A. J. Hollenbeck. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 802-804, June 1988. 43 
ref. 


Descriptors: *Literature review, *Wastewater 
treatment, *Wastewater collection, *Sewer sys- 
tems, Design criteria, Management planning, Main- 
tenance, Rehabilitation, Safety, Performance eval- 
uation, Construction. 


Literature published in 1987 on wastewater collec- 
tion systems is summarized under the following 
headings: planning, design, and construction; sewer 
system evaluation; rehabilitation, safety; and main- 
tenance/pumping. The review aims to include all 
pertinent, important and significant articles with- 
out evaluating their merit; when selections were 
made, availability of documents and the presence 
of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01468 


WASTEWATER TREATMENT: 
AND CHEMICAL METHODS, 
Maryland Univ., College Park. Dept. of Civil En- 
gineering. 

R. W. Walters, Z. Yousefi, A. L. Tarleton, D. 
Grasso, and A. Guiseppi-Elie. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 804-816, June 1988. 
217 ref. 


PHYSICAL 


Descriptors: ‘*Literature review, *Wastewater 
treatment, *Chemical treatment, *Physical 
wastewater treatment, Precipitation, Coagulation, 
Flocculation, Flotation, Adsorption, Air stripping, 
Ion exchange, Mixing, Separation techniques, 
Electrochemistry, Aeration, Corrosion, Oxidation, 
Reduction, Membrane processes. 


Literature published in 1987 on physical and chem- 
ical methods of wastewater treatment is summa- 
rized under the following headings: innovative 
process technology, mixing/agitation, fluid flow, 
equalization/neutralization, precipitation, coagula- 
tion/flocculation, solid/liquid separation, flotation, 
adsorption, ion exchange, aeration/gas transfer, air 
stripping, mass transfer separation processes, cor- 
rosion and corrosion control, oxidation/reduction, 
electrochemical processes, and membrane process- 
es. The review aims to include all pertinent, impor- 
tant and significant articles without evaluating 
their merit; when selections were made, availabil- 
ity of documents and the presence of new informa- 
tion in the article were used as inclusion criteria. A 
brief synopsis of the contents is given for each 
article cited. (Rochester-PTT) 

W89-01469 


ACTIVATED SLUDGE, 

State Univ. of New York at Buffalo. Dept. of Civil 
Engineering. 

A. S. Weber, J. A. Silverstein, J. H. Sherrard, R. 
O. Mines, and M. S. Kennedy. 

Journal - Water Pollution Control Federation 
ya Vol. 60, No. 6, p 816-824, June 1988. 
128 ref. 


Descriptors: *Literature review, *Activated sludge 
process, *Process control, *Biological wastewater 
treatment, *Wastewater treatment, Design criteria, 
Control systems, Sludge properties, Separation 
techniques, Industrial wastes, Activated carbon, 
Xenobiotic compounds, Leachates, Nitrogen, 
Phosphorus, Nutrient removal, Mathematical 
models, Adsorption. 


Literature published in 1987 on activated sludge 
wastewater treatment is summarized under the fol- 
lowing headings: process models; process research; 
design, control, performance, and operation; xeno- 
biotic compound removal; particulate activated 
carbon treatment; industrial wastes; leachate; nitro- 
gen and phosphorus; sludge characteristics; solids 
separation. The review aims to include all perti- 
nent, important and significant articles without 
evaluating their merit; when selections were made, 
availability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01470 


BIOLOGICAL FIXED-FILM SYSTEMS, 

New Hampshire Univ., Durham. Dept. of Civil 
Engineering. 

N. E. Kinner, and T. T. Eighmy. 

Journal - Water Pollution Control Federation 
—— Vol. 60, No. 6, p 824-828, June 1988. 72 
ref. 
Descriptors: ‘*Literature review, 
wastewater treatment, ‘*Fixed-film reactors, 
*Wastewater treatment, *Filtration, *Biofilms, 
Trickling filters, Aerobic digestion, Anaerobic di- 
gestion, Model studies, Activated carbon, Fluid- 
ized beds, Performance evaluation, Rotating bio- 
logical contactors. 


*Biological 


Literature published in 1987 on wastewater treat- 
ment with fixed-film reactors is summarized under 
the following headings: rotating biological contac- 
tors, trickling filters, biological activated carbon, 
biofilters, submerged filters, fluidized beds, innova- 
tive fixed-film processes, biofilm growth, biofilm 
models, biofilm modeling and research with experi- 
mental verification, and anaerobic and anoxic bio- 
film systems. The review aims to include all perti- 
nent, important and significant articles without 
evaluating their merit; when selections were made, 
availability of documents and the presence of new 
information in the article were used as inclusion 





criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 
W89-01471 


LAGOONS, PONDS, AND AEROBIC DIGES- 
TION, 

C. W. Bryant. 

Journal - Water Pollution Control Federation 
— Vol. 60, No. 6, p 828-831, June 1988. 62 
ref. 


Descriptors: *Literature review, *Aerated lagoons, 
*Wastewater treatment, ‘*Waste stabilization, 
*Aerobic digestion, Heavy metals, Pathogens, Per- 
formance evaluation, Design criteria, Lagoons, 
— lagoons, Thermophilic digestion, 
onds. 


Literature published in 1987 on lagoons, ponds, 
and aerobic digestion for wastewater treatment is 
summarized under the following headings: biology, 
performance, aerobic digestion, and aerobic ther- 
mophilic digestion. Specific topics discussed in- 
cluded heavy metal removal, pathogen removal, 
and performance evaluation. The review aims to 
include all pertinent, important and significant arti- 
cles without evaluating their merit; when selec- 
tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
contents is given for each article cited. (Rochester- 


PTT) 
W89-01472 


ANAEROBIC PROCESSES, 
Massachusetts Univ., Amherst. Dept. of Civil En- 
ineering. 
. Goodwin, and R. F. Hickey. 
Journal - Water Pollution Control Federation 
ao Vol. 60, No. 6, p 831-837, June 1988. 
100 ref. 


Descriptors: *Literature review, *Wastewater 
treatment, *Anaerobic conditions, *Anaerobic di- 
gestion, *Biological wastewater treatment, *Proc- 
ess control, Monitoring, Toxins, Model studies, 
Operations, Wastewater facilities, Hydrogen ion 
concentration, Temperature. 


Literature published in 1987 on anaerobic 
wastewater treatment is summarized under the fol- 
lowing headings: microbiology; degradation of 
toxic compounds; inhibition of anaerobic systems; 
process monitoring, control, and modeling; attach- 
ment and start-up of anaerobic systems; acidogenic 
conversion; high-rate anaerobic reactor operation; 
and anaerobic digester operation. The review aims 
to include all pertinent, important and significant 
articles without evaluating their merit; when selec- 
tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
contents is given for each article cited. (Rochester- 


PTT) 
W89-01473 


SLUDGE TREATMENT, UTILIZATION, AND 

DISPOSAL, 

Oklahoma Univ., Norman. School of Civil Engi- 

neering and Environmental Science. 

P. T. Bowen, J. M. Entwistle, J. E. Hendrick, J. S. 

Quillin, and U. N. Tyagi. 

Journal - Water Pollution Control Federation 

rd gn Vol. 60, No. 6, p 837-844, June 1988. 
ref. 


Descriptors: *Literature review, *Sludge disposal, 
*Wastewater treatment, *Sludge utilization, *Bio- 
logical wastewater treatment, *Water treatment, 
Sludge properties, Sludge conditioning, Sludge 
thickening, Sludge drying, Sludge stabilization, 
Sludge inactivation, Reclamation, Land applica- 
tion, Pathogens. 


Literature published in 1987 on sludge treatment, 
sludge utilization, and sludge disposal is summa- 
rized under the following headings: sludge proper- 
ties, thickening, conditioning, dewatering, stabili- 
zation and inactivation, ultimate disposal (reclama- 
tion, land application, and pathogens), and water 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


treatment plant sludges. The review aims to in- 
clude all pertinent, important and significant arti- 
cles without evaluating their merit; when selec- 
tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
contents is given for each article cited. (Rochester- 


PTT) 
W89-01474 


ON-SITE ALTERNATIVES FOR TREATMENT 
AND DISPOSAL, 

ERT, A Resource Engineering Co., Concord, MA. 
S. M. Pause. 

Journal - Water Pollution Control Federation 
— Vol. 60, No. 6, p 844-845, June 1988. 18 
ref. 


Descriptors: *Literature review, *On-site systems, 
*Wastewater treatment, *Wastewater disposal, 
*Land disposal, Animal wastes, Domestic wastes, 
Groundwater pollution, Design criteria, Ground- 
water mounds, Septic wastewater, Water pollution 
sources, Path of pollutants, Performance evalua- 
tion, Site selection. 


Literature published in 1987 on on-site alternatives 
for treatment and disposal of wastewater is summa- 
rized under the following headings: pollution from 
on-site systems (animal wastes, domestic wastes, 
septic system groundwater mounds), design and 
siting of on-site systems, and performance of on- 
site systems. The review aims to include all perti- 
nent, important and significant articles without 
evaluating their merit; when selections were made, 
availability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01475 


DISINFECTION, 
Environmental 
OH 


Protection Agency, Cincinnati, 
A. D. Venosa, and R. A. Isaac. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 845-852, June 1988. 
106 ref. 


Descriptors: *Literature review, *Wastewater 
treatment, *Disinfection, *Microbiological studies, 
*Chemical treatment, Cooling towers, Halogens, 
Oxidation, Ozonation, Irradiation, Lagoons, Elec- 
tric fields, Copper, Chemical analysis, Byproducts, 
Sanitary wastewater, Oxychlorine compounds, 
Ozone, Maturation ponds, Stabilization lagoons, 
Chemical reactions. 


Literature published in 1987 on disinfection of 
wastewater is summarized, including microbiology 
and chemistry. Specific topics are halogen disinfec- 
tion, oxychlorine compounds, ozone, ultraviolet 
light, photo-oxidation disinfection, gamma radi- 
ation for disinfection, maturation ponds, lagooning, 
electric fields, copper for disinfection of sanitary 
wastewater, disinfection of cooling towers, analyti- 
cal chemistry, formation of byproducts and their 
control, treatment of wastes resulting from disin- 
fection, and chemical reactions in the disinfection 
process. The review aims to include all pertinent, 
important and significant articles without evaluat- 
ing their merit; when selections were made, avail- 
ability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01476 


TREATMENT PLANT MANAGEMENT, OPER- 
ATION AND MAINTENANCE, 

Baker/TSA, Inc., Coraopolis, PA. 

G. M. Wong-Chong. 

Journal - Water Pollution Control Federation 
—_— Vol. 60, No. 6, p 852-854, June 1988. 56 
ref. 


Descriptors: *Literature review, *Management, 
*Operations, *Maintenance, *Wastewater facilities, 
Process control, Control systems, Automation, 
Training, Safety. 


Literature published in 1987 on management, oper- 
ation, and maintenance of wastewater treatment 
plants is summarized under the following headings: 
management safety and training, process operation, 
process maintenance, and instrumentation and au- 
tomation. The review aims to include all pertinent, 
important and significant articles without evaluat- 
ing their merit; when selections were made, avail- 
ability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01477 


WASTEWATER RECLAMATION AND REUSE, 
California State Water Resources Control Board, 
Sacramento. 

For primary bibliographic entry see Field 3C. 
W89-01478 


LAND APPLICATION OF WASTEWATER, 
ERM-Southeast, Inc., Marietta, GA. 

J. Zirschky, and A. R. Abernathy. 

Journal - Water Pollution Control Federation 
— Vol. 60, No. 6, p 857-858, June 1988. 32 
ref. 


Descriptors: *Literature review, *Wastewater dis- 
posal, *Wastewater treatment, *Land disposal, *Bi- 
ological wastewater treatment, Overland flow, Soil 
genesis, Phosphorus removal, Water hyacinth, 
Duckweed, Aquatic plants, Artificial wetlands, Ni- 
trogen removal, Storm runoff, Aquatic plant fil- 
ters. 


Literature published in 1987 on land application of 
wastewater is summarized under the following 
headings: slow rate, overland flow, and miscellane- 
ous. Specific topics include wastewater irrigation, 
changes in soil properties resulting from land appli- 
cation, phosphorus removal efficiencies, water 
hyacinths and duckweed for secondary treatment 
of wastewater, aquatic plant filters, and construct- 
ed wetlands for nitrogen removal and treatment of 
stormwater runoff. The review aims to include all 
pertinent, important and significant articles with- 
out evaluating their merit; when selections were 
made, availability of documents and the presence 
of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01479 


HEALTH EFFECTS ASSOCIATED WITH 
WASTEWATER TREATMENT, DISPOSAL, 
AND REUSE, 

Alberta Univ., Edmonton. Div. of Health Services 
Administration. 

S. E. Hrudey, and E. J. Hrudey. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 858-864, June 1988. 
106 ref. 


Descriptors: *Literature review, *Public health, 
*Wastewater disposal, *Wastewater collection, 
*Wastewater facilities, *Wastewater reuse, *Popu- 
lation exposure, Wastewater treatment, Feces, Mu- 
nicipal wastes, Water supply systems, Water pollu- 
tion, Contamination, Industrial wastes, Hazardous 
wastes, Sludge handling. 


Literature published in 1987 on health effects of 
wastewater management is summarized under the 
following headings: wastewater collection systems 
and treatment plants, sludge handling and disposal, 
excreta and wastewater disposal, excreta and 
wastewater reuse, contamination of water supplies, 
municipal solid wastes, and industrial and hazard- 
ous wastes. The review aims to include all perti- 
nent, important and significant articles without 
evaluating their merit; when selections were made, 
availability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01480 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


MEAT, FISH, AND POULTRY PROCESSING 
WASTES, 


W. T. McComis, and J, H, Litchfleld. 

Journal - Water Pollution Control Federation 
oe Vol. 60, No. 6, p 868-870, June 1988, 37 
ref. 


Descriptors: *Literature review, *Food-processing 
wastes, “Industrial wastewater, Meat processing 
industry, Fish processing industry, Poultry indus- 
try, Chemical treatment, Biological wastewater 
treatment, Water pollution control. 


Literature published in 1987 on meat, fish, and 
poultry processing wastes in relation to water pol- 
lution control is summarized under the following 
headings: meat processing, fish processing, and 
poultry processing. Various methods of chemical 
and biological treatment of these wastewaters are 
discussed. The review aims to include all pertinent, 
important and significant articles without evaluat- 
ing their merit; when selections were made, avail- 
ability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01482 


FRUIT, GRAIN, AND VEGETABLE WASTES, 
Brigham Young Univ., Provo, UT. Dept. of Civil 
Engineering. 

M. B. Borup, G. A. Hesketh, and J. Zirschky. 
Journal - Water Pollution Control Federation 
oe! Vol. 60, No. 6, p 870-872, June 1988. 31 
ret. 


Descriptors: *Literature review, *Food-processing 
wastes, *Industrial wastewater, *Wastewater treat- 
ment, *Biological wastewater treatment, Land dis- 
posal, Cost analysis, Fruit crops, Vegetable crops, 
Grain crops, Agricultural wastes. 


Literature published in 1987 on treatment of fruit, 
grain, and vegetable wastewaters is summarized. 
Biological treatment and land disposal of these 
wastewaters are discussed, including costs of vari- 
ous alternatives. The review aims to include all 
pertinent, important and significant articles with- 
out evaluating their merit; when selections were 
made, availability of documents and the presence 
of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01483 


FERMENTATION INDUSTRY, 

Alabama Univ. in Birmingham. School of Public 
Health. 

J. F. Manning, and S. C. Chiesa. 

Journal - Water Pollution Control Federation 
a Vol. 60, No. 6, p 872-874, June 1988. 27 
ret. 


Descriptors: *Literature review, *Brewery wastes, 
*Distillery wastes, *Fermented products, 
*Wastewater treatment, *Industrial wastewater, 
Biological oxygen demand, Chemical oxygen 
demand, Pharmaceutical industry, Alcohols, Fuel. 


Literature published in 1987 on management of 
wastes from fermentation industries is summarized 
under the following headings: brewery wastes, al- 
cohol fuel production wastes, pharmaceutical pro- 
duction wastes, distillery wastes, and other fermen- 
tation industry wastes. Various approaches to re- 
ducing BOD and COD of these wastes are dis- 
cussed. The review aims to include all pertinent, 
important and significant articles without evaluat- 
ing their merit; when selections were made, avail- 
ability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01484 


DAIRY WASTES, 

R. F. Pico. 

Journal - Water Pollution Control Federation 
— Vol. 60, No. 6, p 874-876, June 1988. 20 
ref. 


Descriptors: “Literature review, *Dairy wastes, 
*Industrial wastewater, *Farm wastes, 
*Wastewater treatment, “Biological wastewater 
treatment, Case histories, Biological oxygen 
demand, Chemical oxygen demand, Wastewater 
facilities, Operations, Anaerobic digestion. 


Literature published in 1987 on treatment of dairy 
industry wastewaters is summarized, including re- 
sults of research and case histories (anaerobic bio- 
logical methods of reducing BOD and COD and 
management of treatment plant operations). The 
review aims to include all pertinent, important and 
significant articles without evaluating their merit; 
when selections were made, availability of docu- 
ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01485 


AGRICULTURAL WASTES, 

Georgia Tech Research Inst., Atlanta. 

S. R. Harper, C. C. Ross, and G. E. Valentine. 
Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 876-884, June 1988. 
165 ref. 


Descriptors: *Farm wastes, *Literature review, 
*Agricultural wastes, *Wastewater treatment, *Bi- 
ological wastewater treatment, Process control, 
Aerobic digestion, Composting, Anaerobic diges- 
tion, Crop residues, Manure, Separation tech- 
niques, Odor control, Air pollution control, 
Wastewater renovation, Water reuse, Runoff con- 
trol, Fertilizers, Soil properties, Aquaculture, Re- 
cycling, Waste recovery, Surveys. 


Literature published in 1987 on management of 
wastewaters from agriculture is summarized, in- 
cluding the following: regional/international waste 
surveys, agricultural waste characteristics, agricul- 
tural wastewater treatment (aerobic digestion and 
composting), anaerobic treatment (crops and crop 
residues, cattle manure and mixtures, swine 
manure, poultry manure, and modeling and process 
control), miscellaneous treatment considerations 
(solid/liquid separation, odor and air quality con- 
trol, and runoff and runoff control), water recycle 
and reuse (fertilizers and soil conditioners), aqua- 
culture, and use of wastes (animal feeds, chemical 
feedstocks, combustion, and manufacturing and 
construction materials). The review aims to in- 
clude all pertinent, important and significant arti- 
cles without evaluating their merit; when selec- 
tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
contents is given for each article cited. (Rochester- 


PTT) 
W89-01486 


TEXTILE WASTES, 

ERT, A Resource Engineering Co., Concord, MA. 
K. A. Groff, and B. R. Kim. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 884-886, June 1988. 42 
ref. 


Descriptors: *Literature review, *Textile industry, 
*Industrial wastes, *Wastewater treatment, *Bio- 
logical wastewater treatment, Chemical treatment, 
— Waste recovery, Water pollution con- 
trol. 


Literature published in 1987 on textile wastes in 
relation to water pollution control is summarized 
under the following headings: biological treatment, 
physical and chemical treatment, and recycle and 
recovery. The review aims to include all pertinent, 
important and significant articles without evaluat- 
ing their merit; when selections were made, avail- 
ability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01487 


PETROLEUM PROCESSING AND SYNTHET- 
IC FUELS, 


Scholler, P.O. Box 26968, Philadelphia, PA 19134, 
B. W. Cowan, J. A. Thomas, and E. L, Stover. 
Journal - Water Pollution Control Federation 
_— Vol. 60, No. 6, p 890-893, June 1988, 71 
ref. 


Descriptors: “Literature review, “Oil industry, 
*Industrial wastes, *Fuel, *Wastewater treatment, 
*Water pollution control, Air flotation, Anaerobic 
digestion, Biodegradation, Oil shale, Wastewater 
analysis, Waste recovery, Toxicity, Coal conver- 
sion, Solid wastes, Leaching. 


Literature published in 1987 on petroleum process- 
ing and synthetic fuel manufacturing from the per- 
spective of water pollution control is summarized. 
Topics include: biodegradation of petroleum 
wastes, dissolved air flotation, anaerobic digestion, 
land treatment for biodegradation of petroleum 
wastes, oil shale waste characteristics, toxicity of 
synfuels wastewater plant emissions, biodegrada- 
tion of constituents of coal conversion 
wastewaters, and leaching behavior and reuse of 
coal gasification solid wastes. The review aims to 
include all pertinent, important and significant arti- 
cles without evaluating their merit; when selec- 
tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
a is given for each article cited. (Rochester- 


W89-01489 


METAL FINISHING AND PROCESSING, 
CH2M/Hill, Reston, VA. 

T. E. Higgins, and D. P. Desher. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 904-909, June 1988. 86 


ref. 


Descriptors: *Literature review, *Metal-finishing 
wastes, *Industrial wastewater, *Wastewater treat- 
ment, Regulations, Heavy metals, Waste recovery, 
Waste minimization, Sludge, Cyanide. 


Literature published in 1987 on metal finishing and 
processing wastes in relation to water pollution 
control is summarized under the following head- 
ings: regulatory aspects, heavy metal treatment, 
waste minimization and metal recovery techniques, 
sludge management, and cyanide treatment. The 
review aims to include all pertinent, important and 
significant articles without evaluating their merit; 
when selections were made, availability of docu- 
ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01491 


CHEMICALS AND ALLIED PRODUCTS, 

Union Carbide Corp., South Charleston, WV. 

M. P. del Pino, and R. L. Blessing. 

Journal - Water Pollution Control Federation 
“ar Vol. 60, No. 6, p 909-916, June 1988. 
116 ref. 


Descriptors: *Literature review, *Chemical indus- 
try, *Fate of pollutants, *Wastewater treatment, 
Solute transport, Water pollution effects, Toxicity, 
Aquatic organisms, Model studies, Aerobic diges- 
tion, Anaerobic digestion, Ozonation, Ultraviolet 
radiation, Separation techniques, Membrane proc- 
esses, Land disposal, Waste disposal, Biological 
wastewater treatment, Land disposal, Sludge man- 
agement. 


Literature published in 1987 on chemicals and 
allied products in relation to water pollution con- 
trol is summarized under the following headings: 
environmental fate and effect (environmental regu- 
lations, transport/transformation, and aquatic tox- 
icity), biological treatment (modeling, aerobic 
treatment, and anaerobic treatment), physical 
chemical treatment (air stripping, activated carbon 
treatment, ozone/ozone-UV treatment, and mem- 
brane separation), land treatment/disposal, and 
sludge/residue management. The review aims to 
include all pertinent, important and significant arti- 
cles without evaluating their merit; when selec- 





tions were made, availability of documents and the 
presence of new information in the article were 
used as inclusion criteria. A brief synopsis of the 
contents is given for each article cited. (Rochester: 


W89-01492 


SOLID AND HAZARDOUS WASTES AND 
WATER QUALITY, 

Louisiana State Univ., Baton Rouge. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5G. 
W89-01494 


PURIFICATION OF DOMESTIC 
WASTEWATER BY THREE PLANTINGS OF 
HELIOPHYTES AND A MICROPHYTE 
LAGOON UNDER THE SAME TEMPERA- 
TURE CLIMATE (EPURATION COMPAREE 
DES EAUX USEES DOMESTIQUES PAR 
TROIS PLANTATIONS HELIOPHYTIQUES ET 
PAR UN LAGUNAGE A MICROPHYTES SOUS 
UN MEME CLIMATE TEMPERE), 
Fondation Univ. Luxemborgeoise, Arlon (Bel- 
jum). 
fi Radoux, and D. Kemp. 
Acta Oe6ccologica, O6ccologica Applicata 
AOSADN, Vol. 9, No. 1, p 25-38, 1988. 7 fig, 1 
tab, 17 ref. English summary. 


Descriptors: *Wastewater treatment, *Pollution 
load, *Heliophytes, *Macrophytes, *Biological 
wastewater treatment, Municipal wastewater, La- 
goons, Nitrogen, Phosphorus, Chemical oxygen 
demand, Water pollution, Pollutants, Domestic 
water. 


The purification efficiency of four small 
wastewater treatment systems (three cultures of 
helophytes--Typhalatifolia, Iris pseudacorus, Epi- 
lobium hirsutum,--and a microphyte lagoon) was 
studied during the second and third year of func- 
tioning with an exclusive supply of domestic 
wastewater. Each system consisted of four basins 
on four successive levels. The load of pollution 
corresponded, in all cases, to one inhabitant-equiv- 
alent per 6 sq m. Water pollution removal by the 
different systems was estimated for the following 
parameters: total chemical oxygen demand (COD), 
suspended solids (SS), total nitrogen and total 
phosphorus. The results showed that the micro- 
phyte lagoon was less efficient than the macro- 
phyte plantations for COD and SS retention. The 
Typha and Iris populations increased the purifica- 
tion efficiency for total nitrogen and total phos- 
phorus while the Epilobium system was less effi- 
cient than the lagoon in winter for these - 
eters. Water purification by all systems showed 
cyclical variations. These cycles were more or less 
marked and regular depending on the system con- 
cerned, the pollution parameter considered, the 
climate, or the features of the polluted input water. 
(Author’s abstract) 

W89-01524 


TREATMENT AND DISPOSAL TECHNOL- 
OGIES FOR LIQUID HAZARDOUS WASTES 
— TO SUBSURFACE INJEC- 
Engineering-Science, Inc., Atlanta, GA. 

For primary bibliographic entry see Field 5E. 
W89-01594 


ECONOMIC IMPACTS OF ALTERNATIVE 
TECHNOLOGIES FOR TREATMENT AND 
DISPOSAL OF LIQUID HAZARDOUS 


W. 

Engineering-Science, Inc., Atlanta, GA. 

For primary bibliographic entry see Field SE. 
W89-01595 


SUPERCRITICAL DEEP WELL WET OXIDA- 
TION OF LIQUID ORGANIC WASTES, 

Vertox, Inc., Dallas, TX. 

J. M. Smith, and T. J. Raptis. 

IN: Proceedings of the International Symposium 
on Subsurface Injection of Liquid Wastes. National 
Water Well Association, Dublin, OH. 1986. p 715- 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


732, 5 fig, 5 tab, 10 ref. 


Descriptors: *Organic wastes, “Injection wells, 
*Disposal wells, *Oxidation, *Wastewater disposal, 
“Wastewater treatment, Deep wells, Hazardous 
wastes, Domestic wastes, Waste disposal, Industri- 
al wastes, Waste management, Costs, Deep well 
reactors. 


The concept and practice of wet oxidation of 
organic waste materials is well established in the 
United States. The Zimpro process, based on the 
early work of Zimmerman has been practiced in 
the U.S. since the early 1960's for the conditioning 
and oxidation of municipal sludge. The use of the 
deep well process configuration as a more satisfac- 
tory and economical engineering approach to the 
application of wet oxidation concepts for munici- 
pal wastewater treatment wastes began in 1975 
with the U.S. EPA support of the Vertical Tube 
Reactor project in Longmont, Colorado. The his- 
tory of the development of subcritical deep well 
oxidation technology from 1975 through 1985 is 
reviewed, and an important extension of this tech- 
nology to achieve supercritical oxidation of munic- 
ipal, industrial and hazardous waste in a deep well 
reactor is described. Supercritical water chemistry 
is briefly described along with the particular ad- 
vantages of the deep well reactor configuration for 
achieving the necessary reactor conditions for de- 
struction of toxic and hazardous wastes. The super- 
critical deep well reactor technology is at an early 
stage of development. The process has been shown 
to be fundamentally sound and to offer the indus- 
trial community of the U.S. a heretofore unrecog- 
nized alternative to present day means of liquid 
organic industrial and hazardous waste disposal. 
Cost projections suggest a total off-site treatment 
cost of from $0.05 to $0.15 gallon and an on-site 
cost of $0.02 to $0.5 galion. (See also W89-01564) 
(Author’s abstract) 

W89-01596 


PRINCIPLES OF BIORECLAMATION OF 
CONTAMINATED GROUND WATER AND 
LEACHATES, 

Drexel Univ., Philadelphia, PA. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5G. 
W89-01644 


WASTE IMMOBILIZATION IN CEMENT- 
BASED GROUTS, 

Oak Ridge National Lab., TN. Chemical Technol- 
ogy Div. 

For primary bibliographic entry see Field 5E. 
W89-01651 


PROCESS TECHNOLOGY FOR THE BIOLOG- 
ICAL TREATMENT OF TOXIC ORGANIC 
Ww. 


Delaware Univ., Newark. Dept. of Civil Engineer- 


ing. 

A. F. Rozich, and A. F. Gaudy. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
319-333, 6 fig, 2 tab, 12 ref. 


Descriptors: *Waste disposal, *Biodegradation, 
*Organic wastes, *Wastewater treatment, *Biolog- 
ical wastewater treatment, *Hazardous wastes, 
*Toxic wastes, Kinetics, Activated sludge process, 
Biomass, Aerobic digestion. 


The results of several years’ work on the aerobic 
biological treatment of toxic organic wastes is pre- 
sented. on this work, a number of engineer- 
ing strategies applicable to the biological treatment 
of inhibitory organic compounds are suggested. 
The kinetics of microbial growth on toxic, or 
inhibitory wastes and on nontoxic, or conventional 
wastes are compared and contrasted by illustrating 
both the differences and similarities with the biode- 
gradation kinetics of these different types of 
wastes. It is essential to characterize the nature of 
microbial growth kinetics on a particular waste in 
order to recommend relevant treatment models for 
designing and operating effective treatment facili- 
ties. A key requirement for the design and oper- 


ation of biological treatment facilities is to have a 
relatively accurate assessment of both the range 
and variability of the biokinetic constants that 
characterize the biomass that is responsible for 
purification of a particular waste. constants 
can be classified as the biokinetic growth constants 
and the maintenance constants. latter group is 
responsible for quantifying sludge production in a 
biological treatment system while the former 
group quantifies the relationship between biomass 
growth rate and exogenous substrate (waste) con- 
centration. Methods for evaluating the mainte- 
nance constants are relatively straightforward and 
are the same for both inhibitory and noninhibitory 
wastes. The situation is different, however, for the 
biokinetic growth constants. For noninhibitory 
wastes, only two biokinetic constants are used in 
the growth rate function, whereas for inhibitory 
wastes, three biokinetic growth constants are used. 
A number of methodologies are presented that can 
be used for collecting growth data and for evaluat- 
ing the biokinetics constants for acclimated popula- 
tions growing on inhibitory compounds. The de- 
velopment and application of design and operating 
equations that can be used for activated sludge 
processes treating toxic wastes are discussed. (See 
also W89-01634) (Author’s abstract) 

W89-01652 


TRADEOFFS BETWEEN STREAM REGULA- 
TION AND POINT SOURCE TREATMENTS IN 
COST-EFFECTIVE WATER QUALITY MAN- 
AGEMENT, 

Tennessee Valley Authority, Norris. Water Sys- 
tems Development Branch. 

For primary bibliographic entry see Field 5G. 
W89-01758 


WASTEWATER DISINFECTION, 
Water Pollution Control Federation, Alexandria, 
VA 


Manual of Practice No. FD-10. Water Pollution 
Control Federation, Alexandria, Virginia. 1986. 
165p. 


Descriptors: *Wastewater treatment, *Disinfec- 
tion, Manuals, Chlorination, Chlorine dioxide, Bro- 
mine chloride, Ultraviolet light, Ozonation. 


This manual is the culmination of the combined 
efforts of the Water Pollution Control Federation's 
Wastewater Disinfection and Technical Practice 
Committees to provide comprehensive information 
on the disinfection of municipal wastewaters. It 
covers chlorination, as well as the major alterna- 
tives to chlorination: ozone, chlorine dioxide, bro- 
mine chloride, and ultraviolet light. The goal is to 
provide operations personnel, design engineers, 
and regulatory officials with a reference of current 
disinfection practices. No attempt is made to com- 
pare different treatment methods. Rather, the aim 
is to provide factual evidence concerning the 
useful applications of each method. (Lantz-PTT) 
W89-01819 


OPERATION OF EXTENDED AERATION 
PACKAGE TREATMENT PLANTS. 

Water Pollution Control Federation, Alexandria, 
VA. 

Manual of Practice No. OM-7. Water Pollution 
Control Federation, Washington, DC. 1985. 95p. 


Descriptors: *Aeration, *Wastewater treatment, 
“Wastewater facilities, Biological treatment, 
Wastewater management, Monitoring. 


Thousands of small package extended aeration 
wastewater treatment plants are currently in oper- 
ation throughout the world. Many of these plants 
are operated by individuals with little formal train- 
ing or experience in the wastewater treatment 
field. This manual aims to provide a plain lan; 

or nontechnical explanation of the operation of a 
package extended aeration treatment plant. Where 
equations or technical terms are required, explana- 
tions in plain language follow. This manual is for 
the operator who has completed grades 8 through 
12, who is operating a treatment plant with a 
design flow of up to 5 liters per second (100,000 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5D—Waste Treatment Processes 


gallons per day), generally without a laboratory or 
operating building on site, and whose vehicle 
serves as an office. This manual should be used in 
conjunction with the manufacturer's Operations 
and Maintenance (O and M) manual, because each 
O and M manual will be specific for a particular 
plant and will usually list a maintenance schedule 
for various parts of the system. (Lantz-PTT) 
W89-01820 


PRIME MOVERS ENGINES, MOTORS, TUR- 
BINES, PUMPS, BLOWERS AND GENERA- 
TORS. 

Water Pollution Control Federation, Alexandria, 
VA 


For primary bibliographic entry see Field 8C. 
W89-01821 


ECOLOGICAL CONSIDERATIONS IN WET- 
LANDS TREATMENT OF MUNICIPAL 
WASTEWATERS. 

Van Nostrand Reinhold Company, New York. 
1985. 473p. Edited by Paul J. Godfrey, Edward R. 
Kaynor, Sheila Pelczarski, and Jay Benforado. 
Contract No. RFP FWS-9-82-001. 


Descriptors: *Land treatment, *Wetlands treat- 
ment, “Municipal wastewater, *Wetlands, 
*Wastewater treatment, *Ecological effects, Eco- 
systems, Public health, Water pollution effects, 
Case studies, Nutrients, Hydrology. 


Thirty-one papers are presented within the format 
of seven topical ‘sessions’ and an eight session that 
attempts to pull together and synthesize the di- 
verse findings and conclusions of the conference. 
Session I deals with state-of-the-art engineering 
applications of wastewater to wetlands. Session II 
deals with the multiplicity of environmental values 
and perspectives that must be considered. Session 
III shifts the emphasis to specifics of ecosystem 
dynamics, particularly the interaction between hy- 
drology and nutrients. Session IV addresses the 
general topic of possible wetland community 
changes resulting from wastewater applications. 
Session V focuses on environmental health prob- 
lems for humans and wildlife that could result from 
accumulations of pathogens or toxic materials. Ses- 
sion VI considers the question of long-term effects 
by examining several case histories of wetlands 
that have received wastewater or simulated 
wastewater and have been studied for many years. 
Session VII returns in part to engineering consider- 
ations by addressing the topic of wetland manage- 
ment potential. Session VIII attempts to synthesize 
the varying points of view and scientific documen- 
tation contained in the papers of the preceding 
sessions. (See W89-01828 thru W89-01858) (Lantz- 


W89-01827 


WETLAND SYSTEMS FOR WASTEWATER 
TREATMENT: ENGINEERING APPLICA- 
TIONS, 

Ramlit Associates, Inc., Berkeley, CA. 

N. N. Hantzsche. 

IN: Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. Van Nostrand 
Reinhold Company, New York. 1985. p 7-25, 4 tab, 
37 ref. 


Descriptors: *Wastewater treatment, *Wetlands 
treatment, Geohydrology, Ecology, Environmen- 
tal effects, Agriculture, Storm water, Industrial 
wastewater, Process control, Artificial wetlands. 


The use of wetlands for treatment of various 
wastewaters has attracted considerable interest and 
research attention during the past 10 to 15 years. 
What can generally be concluded on the basis of 
the experience to date is that: (1) Wetland systems 
can provide measurable renovation of wastewaters 
and storm waters, but the necessary understanding 
and criteria to take the best advantage of these 
processes on a routine basis do not currently exist; 
(2) Natural wetlands are highly variable in charac- 
teristics, making it difficult, if not impossible, to 
apply study results to different geographical areas; 
(3) The use of artificial or constructed wetlands 
appears to have the greatest promise for general 


application because of better reliability and process 
control; (4) There is a substantial amount of inter- 
est in creating or restoring wetlands simply for 
environmental enhancement. There are also strong 
desires to couple environmental enhancement with 
programs for treatment of municipal wastewaters, 
stormwaters, agricultural return flows, and various 
types of industrial wastewaters; and (5) Pilot or 
demonstration studies are still needed before engi- 
neers can confidently proceed with design and 
implementation of full-scale wetland-wastewater 
systems. (See also W89-01827) (Lantz-PTT) 
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In the Central Valley of California, water hyacinth 
systems have produced year-round an effluent con- 
taining consistently < 10 mg/L of biochemical 
oxygen demand (BOD) and 10 mg/L of suspended 
solids (SS) at costs substantially lower than other 
technologies, including overland flow. Recently, 
several local hyacinth systems have been taken out 
of service because of mosquitoe production prob- 
lems, the major drawback of the systems. Mosqui- 
to-production research data from the Roseville, 
California, hyacinth systems is presented. Ways to 
minimize hyacinth-system mosquito production by 
design are discussed and design strategies for hya- 
cinth and other wetland-type systems. The wet- 
lands options for new (pretreatment, plug flow 
reactor design) or existing (secondary sedimenta- 
tion, plug flow reactor design) wastewater treat- 
ment systems represent a departure from what has 
been done in the past. The documented perform- 
ance and lower cost of these systems make it clear 
that where the conditions are suitable, these sys- 
tems should be considered in any cost-effective 
analysis of wastewater treatment alternatives. 
However, before the widespread use of wetland 
wastewater treatment systems can be recommend- 
ed routinely, research and surveillance of addition- 
al pilot projects are needed to determine the mos- 
quito-production potential of wetland systems as a 
function of design, operation, and mosquitoe-abate- 
ment measures. (See also W89-01827) (Lantz-PTT) 
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Most wetlands treatment studies have dealt with 
the disposal of partially treated municipal sewage 
effluent; industrial applications are not common. A 
generic research study was recently performed 
that investigated the feasibility of disposing spent 
industrial geothermal fluids by wetlands treatment. 


The main objectives of this paper are: (1) to 
present two sets of ecological criteria for effluent 
application in wetlands in order to discuss their 
appropriateness (especially in terms of industrial 
effluents or municipal effluents with major indus- 
trial contributors that do not have pretreatment 
programs) and (2) to present some general design 
environmental effects, and ecological factors asso- 
ciated with selecting sites and designing wetlands 
for effluent treatment. The reference studies were 
directed primarily toward creating and managing 
wetlands as alternative treatment systems, with 
secondary objectives of providing waterfowl and 
wildlife habitat. These studies were done mainly in 
relatively water-short western areas. (See also 
W89-01827) (Lantz-PTT) 
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The ecosystem dynamics unique to each wetland 
pose the difficult problem of predicting the impacts 
of management for treatment of municipal 
wastewater so that undesirable changes may be 
avoided. Few of the available analytical tools will 
permit the evaluation of wetlands models or the 
general prediction of the consequences of wetland 
modification. An analytical technique called flow 
analysis is proposed as a method for such evalua- 
tions. Demonstrations illustrate the types of infor- 
mation that can be gained from analysis of energy 
and carbon (C) flow in two wetlands. Flow analy- 
sis allows dissection of complex flow networks, so 
that flows from a particular compartment to any 
other compartment can be analyzed. In analyzing 
wetlands energy-flow models, indirect flows are 
often more important than direct flows. Moreover, 
energy cycling can be an important component of 
indirect energy flow. Flow analysis can also pro- 
vide estimates of the timing of flows -- that is, how 
long it takes for energy to get from organism A to 
organism B. In Barataria Bay, for example, an 
increase in primary production would still have 
large effects on marsh detritus three years later and 
on aquatic fauna four years later. Maximum effect 
on marsh detritus would be expected in year one, 
and on aquatic fauna in year two. The exact timing 
of impact effects cannot be determined without a 
time series of measurements or a simulation model 
because flow structure will change, but these ap- 
proximations will be close. Finally, flow analysis 
can also be used to address questions of elemental 
cycling and toxin fate. For both elements and 
toxins, indirect effects are much more important 
than for energy. (See also W89-01827) (Lantz- 
PTT 
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In a region where coastal wetlands have declined 
to 10% to 25% of their natural extent, there are 
concerns that freshwater-dominated ecosystems 
should not replace the remaining native salt-marsh 
communities. With large-scale recycling of import- 
ed water, there would be major changes in the 
region’s hydrology, and coastal wetlands would 
ultimately receive substantially larger volumes of 
freshwater throughout the year. This potential 
threat to coastal ecosystem structure and function- 
ing could be reduced if the location, amounts, and 
timing of discharge were properly controlled. It 
could be made advantageous to coastal-wetland 
restoration efforts if the discharges were directed 
toward establishing marsh vegetation, restoring 
brackish and freshwater marshes, and increasing 
habitat diversity. Creative management, at the wa- 
tershed level, should turn a potential problem into 
a solution for southern California’s endangered 
coastal wetlands. (See also W89-01827) (Lantz- 
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Metal-budget and metal-flux data for wetland eco- 
systems show that the percentage of metal re- 
moved by passage through the ecosystem varies 
widely between metals and among wetlands. While 
some metals, such as Pb, may be well retained by 
wetlands under conditions of low loading rates, the 
majority of metals, such as Zn and Cd, may pass 
through the ecosystem. Although in a geochemical 
sense, wetlands are ‘sinks’ for some metals, these 
studies indicate that they may not function as 
efficient ‘traps’ for all metals. By better under- 
standing the biogeochemical processes that alter 
metal retention, it may be possible to manipulate 
wastewater release to maximize metal removal in 
natural and artificial wetlands. Previous studies 
have shown that some of the assumptions that have 
been made in order to construct metal budgets may 
not be true, and improved budgets could yield a 
more accurate picture of what is occurring. Ana- 
lytical techniques for measuring metals have im- 
proved tremendously in the last ten years, and 
complete budgets by input/output studies are now 
possible in ecosystems where accurate water budg- 
ets can be constructed. (See also W89-01827) 
(Lantz-PTT) 
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A study was conducted of wastewater application 
to a wetland in Claremont, florida. The objectives 
were to determine the effects of a fluctuating water 
table on the retention of N and P from treated 
sewage effluent by the marsh system and its vari- 
ous components (vegetation, soil, and water). The 
marshes removed both N and P during wet and 
dry years. Only at the highest level of effluent 
application (9.6 cm/week) could any differences be 
detected in vegetation or snil chemistry due to the 
effluent. Plots receiving 1.5 cm/week and 3.7 cm/ 
week of effluent could not be distinguished from 
the control plot. While the species composition 
changed with the addition of effluent, it also 
changed as a result of marsh-water levels. Vegeta- 
tive growth rates, standing crop, and P tissue con- 
tent were influenced as much by the presence of 
standing water as they were by the application of 
9.6 cm/week treated effluent. N tissue concentra- 
tions were more related to the effluent application 
than to the water levels. (See also W89-01827) 
(Lantz-PTT) 
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In many wetland ecosystems, the major nutrient 
processing occurs at or beneath the surface of the 
sediment. Accordingly, to understand nutrient 
processing by a wetland ecosystem, the manner in 
which nutrients reach the below ground sites of 
processing and the manner in which products of 
nutrient processing may possibly be removed from 
the sediments and exported must be understood. 
Below ground processes in wastewater treatment 
include uptake by microbes or macrophyte roots, 
cation exchange, adsorption, dissimilatory reduc- 
tion by microbes, biologically mediated or chemi- 
cal oxidation, and a variety of other decomposition 
processes; in all cases, the processes occur only 
after the chemicals have been physically carried to 
the active sites. The major mechanisms of trans- 
port are two -- namely, active transport by plants 
and physical transport by water movement. The 
physical transport by water movement method is 
the focus of this brief paper. (See also W89-01827) 
(Lantz-PTT) 
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Models have been proposed for studying changes 
in wetland vegetation that is based on three life- 
history attributes: (1) life span, (2) propagule lon- 
gevity, and (3) propagule establishment require- 
ments. The model assumes that knowledge of these 
attributes for species in a wetland would enable 
one to predict vegetation composition under vari- 
ous hydrologic (and other environmental condi- 
tions). The effects that wastewater application 
might have on wetland vegetation are discussed. 
Because two of the three attributes used in van der 
Valk’s model relate to the seed bank, the paper 
focuses primarily on the effects that altered hydro- 
logic and nutrient patterns have on recruitment 
from the seed bank. Wastewater application would 
most likely increase the depth of flooding, duration 
of flooding, and/or frequency of flooding. In addi- 
tion, there would be significant increases in nutri- 
ent loading. Nutrient additions have been shown to 
cause increased biomass production in both coastal 
salt marshes and the following inland freshwater 
wetlands: herbaceous wetlands and cypress domes 
in Florida; bogs in Michigan, and artificial wet- 
lands in New York. Production did not increase in 
a freshwater tidal wetland receiving chlorinated, 
secondarily treated wastewater. The seed bank 
would be expected to become less important in 
wetlands where the hydrology is altered and per- 
manent standing water conditions are created. By 
maintaining permanent standing water, all species 
that require a drawdown for establishment could 
be eliminated. There would probably be no change 
in the importance of the seed bank in wetlands 
where seeds are of minor importance (e.g., salt 
marshes, northern bogs, and wetlands that are per- 
manently flooded). (See also W89-01827) (Lantz- 
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Studies on the disposal of municipal wastes to 
aquatic environments have shown that both human 
pathogens and fecal indicator bacteria can survive 
in water for a long time. Many bacteria are able to 
survive, even to grow, in sediments. Sedimented 
bacteria are subject to resuspension by a variety of 
physical forces, including wave action, animal dis- 
turbance, swimming, and dredging. A study of the 
disposal of pharmaceutical wastes in the Atlantic 
Ocean near Puerto Rico shows that rather than 
settling into deep water, the effluent tends to move 
toward the northern shore of Puerto Rico. These 
data are all from environments that have currents 
or wave action to dilute and dissipate many of the 
entering pollutants, including bacteria. Wetlands 
do not have this advantage. Accordingly, intro- 
duction of improperly treated wastes could have 
severe deleterious impacts on the health status of 
such wetlands. Both pathogenic bacteria and the 
nutrients to support those bacteria could accumu- 
late, thereby creating a disease reservoir. (See also 
W89-01827) (Lantz-PTT) 
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A significant percentage of the detrital-derived 
carbon is assimilated into microbial biomass. In this 
way, the plant detritus, much of which is indigesti- 
ble to animals in its original fibrous form, is con- 
verted to highly nutritive compounds that can be 
easily digested by detritivores. Thus, microbial 
degradation of detritus serves as an important link 
between primary and secondary production in wet- 
lands. In general, water-soluble, leachable com- 
pounds in the vascular plant detritus decompose 
rapidly, leaving a residue of fibrous material that is 
more resistant to degradation. The refractory frac- 
tion of plant materials from a number of species of 
wetland plants have been found to consist primari- 
ly of lignocellulose, a macromolecular complex 
consisting of polysaccharides (cellulose and hemi- 
cellulose) and lignin in intimate physical and prob- 
ably covalent contact. Lignocellulose accounts for 
between 50% and 90% of the plant dry weight. 
Any event, natural or anthropogenic, that alters 
the rate of transformation of lignocellulose in a 
wetland will eventually affect the abundance, di- 
versity, and production at higher trophic levels as 
well. A model was derived from results of studies 
in several wetlands as well as from analogous 
studies of terrestrial ecosystems. It can serve as a 
working hypothesis in the design of experiments. 
Using this hypothetical model, methodologies are 
being formulated for assessing rates of transforma- 
tion of both the labile and refractory components 
of wetland plant material. The approach used, and 
results obtained from experiments conducted in 
Georgia salt marshes and in a freshwater environ- 
ment, the Okefenokee Swamp are described. (See 
also W89-01827) (Lantz-PTT) 
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An investigation was conducted to determine if the 
Mississippi River Delta system is an analog for 
municipal overland flow treatment systems and if 
insights from the river can be applied to human- 
engineered systems. The Mississippi River Delta 
does capture nutrients, and in significant quantities. 
The key to permanent, long-term retention of nu- 
trients is accretion. In the Mississippi River Delta, 
accumulation can occur only because the coast is 
subsiding and the accretion rate is consequently 
high (1 cm/yr). In the Mississippi River Delta, the 
quantity of nutrients retained is related both to the 


inorganic sediment input and to the contact time of 
the flooding water with marsh surface. The role of 
inorganic sediments may be simply to act as a filter 
reservoir that retains the nutrients. On a regional 
scale and long timeframe, the Mississippi River 
invades an area, trap nutrients and sediments as it 
grows, then abandons the site and starts over again 
elsewhere. The old delta continues to function as it 
deteriorates, to support coastal geologic and bio- 
logic processes by a slow release of the sequestered 
sediments and nutrients. Finally, for Mississippi 
River Delta residents, there appear to be many 
opportunities for natural wetland wastewater treat- 
ment. Interior marshes in Louisiana need more 
sediments and nutrients since they are not present- 
ly maintaining themselves against the high rate of 
coastal subsidence. The state has ambitious plans to 
nourish these marshes by diverting fresh river 
water into them. (Several potential sites are close 
to New Orleans). Perhaps these diversions can be 
engineered with wastewater disposal for combined 
water treatment-marsh regeneration schemes. (See 
also W89-01827) (Lantz-PTT) 
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The treatment of wastewater by overland flow 
through a wetland has become a topic of scientific 
study during the last decade. The prediction of the 
performance of a wetland treatment facility re- 
quires equations that describe both the response of 
the ecosystem to wastewater additions and the 
alteration of water quality. Removal of dissolved 
nutrients from surface waters is controlled by a 
two-step process: delivery and consumption. De- 
livery is accomplished by convective mass transfer 
within surface waters, overland flow, or by down- 
ward flow due to water infiltration. Consumption 
occur principally at the surfaces of the soil, litter, 
plant stems, and algal mat. Two regimes will exist 
in a wastewater wetland system for each 
wastewater component considered. In the vicinity 
of the wastewater discharge, a saturated region 
will exist. Here, component removal rates will be 
quite slow, and a function of the uptake rates, due 
to: (1) sorption deep in the soil column; (2) incor- 
poration of material into new soil and woody 
plants; and (3) microbial release of gases to the 
atmosphere. Outside this saturated region, surface- 
water concentrations of wastewater components 
will drop exponentially with distance. System pa- 
rameters were estimated for operation of the 
Houghton Lake treatment site. Utilizing a mass 
balance equation formulated in this study, the pre- 
dicted nitrogen-front progression was calculated. 
The expansion of the saturated zones about the 
discharge point have been found to be much as 
predicted by the material balance, considering only 
the principal mechanisms. The aging of the 
Houghton Lake, Michigan, site can so far be de- 
scribed by this model. (See also W89-01827) 
(Lantz-PTT) 
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A series of ecological management criteria should 
be addressed prior to the decision to use any 
wetland ecosystem for treatment of secondary mu- 
nicipal effluent. These criteria include the value of 
the effluent as a resource, the capacities and limita- 
tions of wetlands to accomplish wastewater treat- 
ment, wastewater management objectives, 
wastewater suitability for wetland discharge, and 
wetland values. Also presented are discussions of 
wetland hydrology, productivity, cycling of nutri- 
ents and heavy metals, and estimates of efficiencies 
of wastewater nutrient removal by wetlands and 
the wetland area needed for specific levels of nutri- 
ent removal. The key to utilizing any wetland 
ecosystem for N, P, BOD, and organic removal is 
low loading rates coupled with sufficient wetland 
area. A minimum of | ha/60 people is suggested 
for a 50% removal efficiency of N and P. (See also 
W89-01827) (Lantz-PTT) 
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Determinations of quality ratings for plant and 
animal communities within a wetland are often 
based on the individual opinions of the biologist 
reviewing the site. The degree of subjectiveness 
can be reduced, however, by using plant communi- 
ty assessments, such as the one in which the wet- 
land quality is a measure of the diversity of plant 
and animal species present, the structure and integ- 
rity of the plant community, and the extent of 
human disturbance. Also to be considered is the 
commonness of the particular wetland community 
within the area or in the presettlement vegetation; 
for example, a measures of the amount of cover 
type as compared to the total and the diversity of 
plant communities and other natural features oc- 
curring within the subject wetland. On the basis of 
these criteria, wetlands can be ranked and classi- 
fied. For example, natural areas, including wet- 
lands in many Wisconsin counties, have been 
ranked and classified as follows: (1) State Scientific 
areas; (2) Natural Areas of Statewide or Greater 
Significance; (3) Natural Areas of Countywide or 
Regional Significance; and (4) Natural History 
Areas. Despite the recognition that there is an 
established institutional framework to evaluate 
wastewater discharges into wetlands, little in the 
way of formalized criteria to either evaluate wet- 
lands as wastewater receiving waters or provide 
reasonable protection of important wetland values 
have been developed. Such criteria need to be 
developed in order to provide guidance to those 
responsible for planning and reviewing wastewater 
projects. The criteria must remain flexible to 
accept the widely varying functions and values of 
individual wetlands on a national, state, and sub- 
strate (regional) level. They must also be succinct 
enough to direct planning efforts in a timely 
manner with sufficient requirements to afford rea- 
sonable resource protection. (See also W89-01827) 
(Lantz-PTT) 
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M. M. Brinson. 
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fig, 22 ref. 
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Workshops, reviews, and symposia during the past 
decade and several ecosystem-level studies on wet- 
lands have provided enough information to allow 
the evaluation of the capacity of some of these 
ecosystems to retain and process nutrients. For 
example, the great majority of wetlands occur in 
depositional environments that tend to accumulate 
materials (sediments) from adjacent ecosystems. 
Although geologic events or human alterations 
may quickly reverse this trend of accretion, wet- 
lands are depositional environments in contrast to 
uplands. A wastewater treatment function is an 
attempt to capitalize on the capacity for material 
accumulation beyond natural levels. Another at- 
tribute of wetlands is that they tend to be more 
complex structurally than streams, the latter serv- 
ing as the traditional discharge point for sewage 
effluent. Discharge lines often bypass wetlands that 
could provide a filtering function if an effective 
distribution system were designed. How variations 
among wetland types may affect their suitability 
for wastewater treatment is briefly examined. Fi- 
nally, an experimental approach for assessing sus- 
tained nutrient loading is evaluated. (See also W89- 
01827) (Lantz-PTT) 
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In the mid-1970s, there was a great need in Michi- 
gan for economical, postsecondary wastewater 
treatment, including phosphorus (P) removal. Wet- 
land application for removal of P from this com- 
munity’s stabilization pond effluent seemed an af- 
fordable alternative. By early 1976, four years of 
research at the Porter Ranch peatland near Hough- 
ton Lake, Michigan indicated excellent renovation 
of wastewater and nitrogen (N) species by wetland 
application. EPA funded the design and construc- 
tion of a wetland treatment project through the 
Municipal Construction Grants program, and state 
and federal review agencies had understandable 
concerns for the integrity of this pristine natural 
wetland. The factors that brought success to the 
project were excellent P-removal potential, pros- 
pects for net positive environmental responses, an 
informed local populace, and great projected sav- 
ings in wastewater treatment costs. The construc- 
tion cost for the wetland at Houghton Lake was 
projected in 1976 to be $600,000. The construction 
of the upland irrigation alternative was projected 
at $1.1 million, or 83% higher. The construction of 
the wetland wastewater facilities, in fact, cost ap- 
proximately $400,000 (1978 dollars). Labor at 
Houghton Lake, including overhead and adminis- 
tration, is $4,320. Electrical energy costs last year 
were $2,200. The most significant factor in the 
Houghton Lake electrical budget is friction losses 
in the forceline. Equipment, repair, and replace- 
ment are relatively minor, costing $1500 last year. 
Environmental monitoring costs were $10,000 last 
year, $5,000 for wildlife studies and $5,000 for 
vegetation-related studies. Costs of operation are 
also discussed for a wetland system in Vermont- 
ville, Michigan. (See also W89-01827) (Lantz-PTT) 
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The Environmental Protection Agency’s (EPA) 
Office of Federal Activities (Policy and Proce- 
dures Branch and 404 Branch) and the Office of 
Water Programs, in conjunction with the U.S. Fish 
and Wildlife Service, are considering the use of 
wetlands to treat municipal wastewater. The impe- 
tus for such use is that many small communities 
have found that ‘high-technology,’ conventional 
municipal sewage treatment systems are not well 
suited to their limited needs. While there does not 
appear to be any unequivocal constraint in any 
existing iaws, regulations, or guidelines that would 
prevent the sensible use of wetlands in a municipal 
wastewater treatment system, the idea is new, and 
it requires a reassessment of whether or not wet- 
lands serve their greatest value when left com- 
pletely alone. Wetlands used for wastewater treat- 
ment promote their multiple use, hopefully, to the 
benefit of both the residents of the community and 
the wetland. However, there are those who believe 
that people and their wastes do not belong in 
wetlands because the wetland should be left com- 
pletely natural; or that the only ‘real’ way to treat 
sewage is in concrete tanks with mechanical mixers 
and pumps where the chemistry and biology of 
waste treatment can be carefully controlled and 
monitored to prove the best-possible level of treat- 
ment. Proponents of these arguments have the 
potential to exert strong pressures on communities 
to pursue the more-established, conventional 
wastewater treatment routes, simply because they 
will seem easier or safer in the absence of complete 
knowledge about all wetland impacts. No doubt, 
over time, the use of wetlands in the treatment and 
disposal of municipal wastewater by small commu- 
nities with appropriate land resources and soils will 
become an established procedure. However, the 
amount of time that the establishment of wetlands 
treatment takes will depend to a great on how 
quickly EPA can satisfy a community’s concerns 
for what they perceive as the institutional, engi- 
neering, and biological constraints to wetland use 
for municipal waste treatment. (See also W89- 
01827) (Lantz-PTT) 
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Under the right conditions, wetland systems can 
achieve high removal efficiencies for biochemical 
oxygen demand (BOD), suspended solids (SS), 
trace organics, and heavy metals. They have con- 
siderable potential as a low-cost, low-energy tech- 
nique for upgrading wastewater effluent. Ecologi- 
cal considerations are a major concern where natu- 
ral wetlands are involved in wastewater treatment 
or disposal of treated effluents, or where 
wastewater is involved in the enhancement or res- 
toration of wetlands. Ecological aspects are less 
critical for constructed, or artificial, wetland sys- 
tems than for natural wetland treatment systems. 
From a regulation standpoint, the use or discharge 
of treated effluents and providing wastewater 
treatment are not always the same thing. Natural 
wetlands are usually considered as a part of the 
adjacent water body and, therefore, under the 
Clean Water Act, discharges of municipal effluents 
to a natural wetland must be treated to at least the 
level of secondary treatment. This restriction limits 
the potential use of natural wetlands for municipal 
wastewater treatment. Rather than a single con- 
cept for the involvement of wetlands in 
wastewater treatment, there appear to be a contin- 
uum of possibilities for the tolerable (if not benefi- 
cial), as well as functional, combining of 
wastewater and wetlands. Four major categories of 
wetland-wastewater combinations have been ob- 
served that have been successful on the basis of 
ecological, engineering, economic, political, and 
social criteria: Category A, use of natural wetlands 
for the disposal of treated effluent; Category B, use 
of wastewater for wetland enhancement, restora- 
tion, or creation; Category C, use of natural wet- 
lands for wastewater renovation; and Category D, 
use of a constructed wetland for relatively high 
rate wastewater treatment. Although the emphasis 
shifts from optimization of a wetland’s overall 
values to optimization of the costs of wastewater 
treatment, all four categories either directly or 
indirectly do provide for some treatment of the 
wastewater. (See also W89-01827) (Lantz-PTT) 
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Ninety-six technical papers presented during the 
three days of the conference are presented, orga- 
nized in the following sections: Pretreatment Pro- 
grams, Landfill Site Remediation, Chemical Stabi- 
lization, Aerobic Fixed-Film Processes, Sorption 
Processes, Pulp and Paper Mill Wastes, Oil and 
Grease Wastes, Groundwater Treatment Methods, 
Application of Bioassays, Bacterial Supplementa- 
tion, Wastewater Minimization and Reuse, Hazard- 
ous and Toxic Wastes, Process and Product Devel- 
opment, Meatpacking Wastes, Chemical Treatment 
Methods, Aerobic Processes, Anaerobic Processes, 
Land Disposal, Resin Technology, Heavy Metal 
Wastes, and Landfill Leachate and Mine Drainage. 
A comprehensive 10-year index to this and previ- 
ous volumes is included. The index is cross-refer- 
enced by author and subject. (See W89-02007 thru 
W89-02096) 
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The Municipality of Metropolitan Seattle’s Water 
Pollution Control Department provides sewage 
collection and treatment services for 1 million 
people in the Puget Sound region. Metro maintains 
5 wastewater treatment plants ranging in size from 
5 to 150 million gallons per day (gpd) which 
provide primary and secondary treatment for efflu- 
ent discharges to Puget Sound. Four of the Boeing 
Company’s plants are located in Metro’s service 
area. Boeing is Metro's largest industrial user, col- 
lectively discharging 1.3 million gpd of metal fin- 
ishing wastewaters from the Plant II, Kent Aero- 
space, Renton, and North Boeing Field plants. The 
Boeing Renton plant covers 300 acres. A wide 
variety of standard, as well as proprietary aircraft 
metal finishing operations take place at this facility. 
The Boeing Renton plant is currently permitted for 
175,000 gpd of industrial effluent. Pretreatment 
strategies at the Renton plant focus on small, local- 
ized batch treatment plants, recycle-reuse, and 
process changes. Boeing has currently built two 
batch treatment plants (10,000 to 30,000 gallons) to 
remove heavy metals using standard hydroxide 
and sulfide precipitation chemistries and to strip 
volatile solvents from painting wastes. Several 
other similar localized treatment plants are in the 
planning phases. The costs of water and sewer 
service as well as those of chemical purchases and 
disposal methods have created healthy incentives 
for recycling, reuse, and waste minimization tech- 
nologies. Boeing has made significant reductions in 
the amounts of chrome and wastewater volume 
over the past six years. For example, in 1980 the 
Renton facility was permitted to discharge 10 Ibs 
of chrome and 625,000 gallons of industrial effluent 
per day. (See also W89-02006) (Lantz-PTT) 
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An industrial waste pretreatment (IWP) program 
was developed for the City of Orlando, Florida 
through the combined efforts of the City and a 
private contractor. After the Florida Department 
of Environmental Regulation (FDER) mandated 
the cessation of effluent discharges into surface 
waters, the City chose to reuse the highly treated 
effluent for: (1) irrigating 10,000 acres of citrus; (2) 
recharging the surficial aquifers; and (3) mitigating 
losses of wetlands. Stringent standards have been 
established for these methods of effluent reuse. 
Two case histories are presented to demonstrate 
the extreme of enforcement action. Industry A is 
an electroplating job shop with approximately 30 
employees and a current water usage of approxi- 
mately 7,000 gpd. It discharges into the Iron 
Bridge wastewater treatment works (WWTP), 
which is a 24 mgd rotating biological contactor 
(RBC) with effluent discharge into the Little 
Econlockhatchee River. The effluent limitations 
are BODS-5 mg/L, TSS-5 mg/L, TN-3 mg/L, and 
TP-1 mg/L (advanced wastewater treatment). En- 
forcement of industrial pretreatment regulations 
began with code violation letters to Industry A) 
and eventually developed into severance of their 


industrial discharge service. The industry is cur- 
rently working on a recycling and reuse program 
to minimize the discharge into the city sewer 
system. An agreement has been made to allow a 
limited industrial discharge under strict controls. 
Industry B is a printed circuit board manufacturer 
with approximately 350 employees and a water 
usage of 275,000 gpd. They use precipitation and 
filters for their main pretreatment, but sodium bor- 
ohydride is an effective backup precipitating agent. 
The Conserv I1 WWTP, which receives their 
flow, is a 12 mgd activated sludge plant which 
discharges effluent either onto 10,000 acres of 
citrus groves or into rapid infiltration basins. Two 
constituents discharged by Industry B, boron and 
copper, are extremely toxic to the citrus trees and 
are of special concern. Because the plant only 
needed to meet secondary treatment standards and 
because of the activated sludge process, historical 
plant upsets were not as severe as with the Iron 
Bridge WWTP and therefore no recorded. (See 
also W89-02006) (Lantz-PTT) 
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Groundwater at the MEMOREX Computer Tape 
Plant (Santa Clara, CA) contaminated with several 
organic solvents (primarily methyl-ethyl ketone) 
was successfully treated using DETOX submerged 
fixed-film biological reactors. As the contamina- 
tion level in the groundwater decreased, the plant 
piping and biotreatment system was reconfigured 
to allow it to receive both solvent recovery and 
miscellaneous solvent wastes produced at the facil- 
ity. Combined waste stream organics in fluctuating 
concentrations as high as 700 mg/L could be con- 
sistently treated to < 5 mg/L. The biological 
treatment system has successfully remediated ap- 
proximately 3.1 million gallons of water over a 43 
week period. On-site treatment of hazardous 
wastes has significantly reduced potential future 
environmental liabilities while allowing the compa- 
ny to save $115,000/yr in off-site disposal costs. 
(See also W89-02006) (Lantz-PTT) 
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The Kendall Refining Company has been treating 
wastewater since the early seventies. The treat- 
ment was limited to chlorination to oxidize the 
phenols and a make-shift cooling tower to control 
thermal pollution. The plant has had difficulties 
consistently meeting effluent requirements for bio- 
logical oxygen demand (BOD) and chemical 
oxygen demand (COD). Investigations of the con- 
tributions of various plant streams were conducted. 
Components exhibiting high tendencies toward 
BOD and COD were analyzed. Through these 
investigations, three sources were discovered. 
These were: crude desalter water, water from an 
electrostatic process removing inorganic chlorides 
from crude oil; methyl ethyl ketone (MEK), a 
solvent from lube oil dewaxing; and n-methyl12- 
pyrrolidone (nMP), a solvent from a lube oil ex- 
traction process. The current treatment scheme 
includes: a gravity oil/water separator for gross oil 
removal, an induced air floatation unit (IAF) plus 
the addition of a poly-electrolyte for the removal 
of oils and suspended solids, chlorine dioxide addi- 
tion for the destruction of phenols and to act as a 
biocide for the cooling tower before discharging 
into the creek. Caustic soda and sulfuric acid are 
utilized for pH control. An engineering firm was 
contracted to investigate the feasibility of activated 
carbon treatment for BOD removal. After some 
preliminary investigations, they concluded that bi- 
ological treatment is the only wastewater treat- 
ment scheme which can be expected to meet efflu- 
ent criteria. From the results obtained in the pilot 
unit testing, it can be concluded that the fixed film 
technology is shown to be promising. This treat- 
ment scheme meets the desired specifications: ef- 
fluent quality meets NPDES limitations; system 
tolerant to anomalies with bacterial versatility for 
quick recovery time and stability; low real estate 
requirements; and cost effectiveness. (See also 
W89-02006) (Lantz-PTT) 
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Porous biomass support systems (PBSS) have been 
in the developmental stages for a number of years 
and are considered one of the emerging innovative 
and alternative (I/A) wastewater treatment tech- 
nologies by the U.S. EPA. A laboratory study was 
undertaken to evaluate the performance of a PBSS 
using a carbon-impregnated polyurethane foam 
pad for removal of purity pollutants and nitrogen. 
The biomass concentrations within the reactor 
were easily increased by using porous biomass 
supports. Biomass levels in the pad reactor aver- 
aged 8,490 mg/L and only 5,080 mg/L in the 
control. Pad activated carbon loss in the reactor 
was only 3 to 4% of the total pad activated carbon. 
Better suspended solids control was observed in 
the pad reactor throughout this study. Use of the 
pads promotes a high attached growth fraction, 
allowing a higher effective reactor mixed liquor 
suspended solids without loss of solids in the efflu- 
ent. Substantial nitrogen removal was obtained in 
the pad reactor, primarily through simultaneous 
nitrification/denitrification at relatively high dis- 
solved oxygen concentrations. Substantial oxygen 
and alkalinity savings were obtained in the pad 
reactor with the incorporation of denitrification. 
Diffusional limitations may be exploited to some 





extent in order to create anoxic biomass fractions 
within single-stage aerobic reactors. Fluidized bed 
reactors appear to be best suited for this purpose. 
(See also W89-02006) (Lantz-PTT) 
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Fluidized-bed biofilm reactors have been increas- 
ingly considered for microbial applications, espe- 
cially in biological wastewater treatment, in view 
of their superiority over other conventional sys- 
tems. Removal of organic carbon and nitrogen 
have been accomplished employing fluidized-bed 
reactors, which provide much higher productivi- 
ties than conventional suspended growth activated 
sludge or attached growth biological trickling fil- 
ters. This comes about because of the large surface 
area available for growth resulting in high biomass 
concentrations. Effective substrate diffusivities into 
the biofilm and biofilm dry density, the most im- 
portant of the biofilm characteristics, which deter- 
mine the performance of the process, need to be 
determined accurately for an accurate quantitative 
analysis of the process. The technique described in 
this work for the estimation of effective substrate 
diffusivities makes use of standard equipment and a 
tracer, which can be measured very accurately. It 
is expected that the value of porosity to tortuosity 
ratio is applicable to any bacterial film comprising 
— and rod shaped cells. However, caution 
should be exercised in extrapolating these values to 
mycelial pellets or to filamentous growths. The 
biofilm dry density varies linearly with biofilm 
thickness between 0.01 cm and 0.025 cm. Howev- 
er, the variation is small enough to permit the use 
of an average value of 0.033 g/cu cm. (See also 
W89-02006) (Lantz-PTT) 
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Use of tailored clays for selective removal of haz- 
ardous pollutants is a promising treatment alterna- 
tive. In particular tetramethylammonium (TMA)- 
bentonite may be used to selectively remove ben- 
zene from solutions containing closely related con- 
taminants. The absorptive capacity of bentonite is 
greatly increased when TMA is used as a tailoring 
agent. Specifically, TMA bentonite is highly effec- 
tive for the removal of benzene from aqueous 
solutions. However, the capacity of TMA-benton- 
ite to adsorb benzene is somewhat lower than the 
capacity of granular activated carbon in the range 
of concentrations studied. TMA bentonite is highly 
selective for benzene, while adsorption of methyl- 
benzenes and chloroform is several orders of mag- 
nitude lower than those for benzene. TMA benton- 
ite removes benzene from solution at a faster rate 
than granular activated carbon. Adsorption of the 
organic compounds tested onto TMA-bentonite is 
partially improved by decreasing the pH of the 
solution. However, adsorption capacity variations 
over the pH range found in natural waters are 
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expected to be insignificant. Removal of TMA 
bentonite from suspension is easily accomplished 
by gravitational settling due to the coagulating 
nature of the TMA ion. (See also W89-02006) 
(Lantz-PTT) 
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Adsorption of Cr(VI) on activated sludge floc was 
not significant although the initial adsorption rate 
on activated sludge floc was relatively fast. Ad- 
sorptive capacity of powdered activated carbon 
(PAC) for Cr(VI) was much higher than that of 
activated sludge floc and the initial adsorption rate 
was very fast, i.e., 66% of the equilibrium value 
was reached in 30 minutes. The adsorption of 
Cr(VI) on PAC and activated sludge floc could be 
well described by a Freundlich isotherm. The 
oxygen uptake rate of activated sludge stressed by 
CR(VI) could be recovered by the addition of 
PAC. Time required for recovery from the upset 
by an increase in Cr(VI) concentration was | day 
for the PAC unit while it was longer than 7 days 
for the unit without PAC. Higher removal efficien- 
cies of COD and CR(VI) were obtained from the 
PAC unit than the unit without PAC addition. 
Both units showed high COD removal efficiencies. 
However, the removal of Cr(VI) by the unit with- 
out PAC was only 9%, while it was 41% for the 
PAC unit. The PAC unit showed higher biological 
activities, as assessed by oxygen uptake rate, yield 
coefficient and first order substrate removal rate 
constant, than the unit without PAC. (See also 
bats neg (Lantz-PTT) 
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An aerated lagoon operated for removal of soluble 
oxygen demand removed approximately one-third 
to one-half of total organic halide (TOX) in Kraft 
mill wastewater. Over 3 wk in summer 1986, total 
TOX removal was 37% and removal of < 1000 
average molecular weight (AMW) was 30%. For 
the same period total organic carbon (TOC) re- 
moval was 27% and removal of <1000 AMW 
TOC was 50%. In 1987 (2 wk in spring), total 
TOX removal was 44% and removal of <1000 
AMW was 57%. For the same period in 1987 total 
TOC removal was 45% and <1000 AMW TOC 
removal was 74%. Moderate temperature reduc- 
tion resulted in greater removal of TOX and low- 
molecular-weight TOX. Such effects were consist- 
ent with removal by biosorption. Process and oper- 
ational strategies, predicated on the key roles of 
biosorption and anaerobic dehalogenation, may 
provide improved TOX removal. (See also W89- 
02006) (Lantz-PTT) 
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The benefit of mixing fly ash with paper mill 
sludge for increasing stability is discussed. Addi- 
tion of fly ash, sufficient volume of which is pro- 
duced in most paper mills, will definitely increase 
its stability. However, before increasing the top 
slope of ‘mixed sludge’, proper investigation must 
be undertaken. Such investigations should include 
both theoretical stability analysis and actual obser- 
vation in the field. Long-term shear strength pa- 
rameters obtained from laboratory tests may not be 
accurate because generation of gas during testing 
may influence their values. Therefore, lower (75% 
of laboratory values) values of shear strength pa- 
rameters should be considered for the stability 
analysis. In this particular study top slope stability 
of an old land fill was helpful in making a decision. 
If ‘stable slope data’ from an ‘old sludge landfill’ is 
not available, the author recommends a longer 
field stability study using the mixed sludge. Pore 
pressure dissipation will depend on the permeabil- 
ity of the sludge, thickness of each lift of sludge, 
and rate of filling. Therefore, these items should be 
considered in deciding how long the field stability 
study should continue. (See also W89-02006) 
(Lantz-PTT) 
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The hydrocarbon processing industry in the Sani- 
tation Districts of Los Angeles County’s (Districts) 
service area includes petroleum refining, petro- 
chemical processing, crude oil and natural gas pro- 
duction, and related chemical companies. The 
volume of wastewater discharged from the hydro- 
carbon processing industry is approximately 23 
mgd which is about 35% of the Districts’ total 
industrial wastewater flow and 6% of the 365 mgd 
of wastewater influent to the Districts’ Joint Water 
Pollution Control Plant (JWPCP). Crude oil ca- 
pacities of petroleum refineries total nearly one 
million barrels per day. The most important pollut- 
ants in the hydrocarbon processing industry are 
conventional pollutants such as oil and grease, 
suspended solids and pH, and nonconventional pol- 
lutants such as phenolic compounds; COD, sulfide 
and ammonia. Among these pollutants, oil and 
grease is one of the most complicated pollutants to 
remove. This paper summarizes available technol- 
ogies to remove oil and grease and should assist oil 
and grease dischargers in complying with their 
effluent limits, including: (1) oil-water separators; 
(2) dissolved air flotation oil-water separation; (3) 
induced air flotation oil-water separation; (4) ultra- 
filtration; and (5) biological treatment. (See also 
W89-02006) (Lantz-PTT) 
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Biological treatment of wastewater from an inte- 
grated oil refinery, containing hazardous contami- 
nants, was studied in an on-site pilot plant. The 
wastewater is pretreated by gravity separation, 
flocculation, and dissolved air flotation. Biotreat- 
ment of such wastewaters is feasible, but it poses 
several problems which have to be considered in 
planning, design, and operation of the treatment 
system. The process rate is relatively slow, the 
specific loading rate should be below 0.15/day in 
terms of biological oxygen demand (BOD), for 
efficient treatment. This is due to inhibitory effects 
of phenols. The mixed liquor volatile suspended 
solids is due to poor settleability of part of the 
biofloc and its ‘escape’ from the secondary clarifier 
affecting adversely also the quality of the effluent. 
Sudden discharges of concentrated phenolic 
wastes disrupted the process, first by impairing 
bioflocculation and then by complete inhibition of 
the biological process. To prevent such disturb- 
ances, surges of concentrated wastes containing 
toxic and inhibitory compound should be inter- 
cepted and stored. Further improvement in per- 
formance of biological treatment is now being 
studied using powdered activated carbon (PAC) in 
the activated sludge process. The results - be now 
indicate that it improves the process, probably by 
reducing the inhibitory action of the phenols at the 
steady state influent concentrations. Powdered ac- 
tivated carbon combined in the activated sludge 
cannot be a solution for the sudden high volume 
discharges of concentrated phenols. This problem 
can be solved only through interception, storage 
and regulated gradual discharge. (See also W89- 
02006) (Lantz-PTT) 
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The major components of oilfield production 
waste pits are: formation waters, crude oil, pro- 
duced sands, and spent chemicals used for surface 
treatment of produced oil. High molecular weight 
hydrocarbons often accrue from separations in the 
oilfield production tanks. A laboratory study is 
described in which the potential for biological 
treatment of oil-based drill cuttings and a produc- 
tion sludge from an oilfield waste pit was evaluat- 
ed. The drill cuttings were acquired from drilling 
operations off the Louisiana coastline as a compo- 
sited waste while the production sludge was sam- 
ples from a 32-year old continuously operating 
oilfield sludge pit. Biodegradation is illustrated 
through three transfers of the Oil Refinery Waste 
(ORW) microbial population (ORW TS to ORW 
TV2) and represents a good example of acclima- 


tion of this culture to the complex hydrocarbon 
fractions in the drill cuttings. Each sample con- 
tained 2.4% oil and grease (O and G) v/v and 
2.0% solids w/w. These results are typical of 
efforts of other investigators to accelerate startup 
times associated with biological processes. The 40 
hour reaction velocity for ORW TV2 and TV1 
averaged 22 mg/L/hr or double the sludge rate. 
An increase in solids loadings to 5.4% w/w, for a 
3% O and G v/v drill cuttings sample, resulted in 
a reaction velocity of 40 mg/L/hr and approached 
the limiting oxygen generation rate of the respi- 
rometer equipment. The peak biomass growth was 
estimated at 5000 mg/L mixed liquor volatile sus- 
pended solids. The dilute concentrations of drill 
cuttings (1-4% O and G v/v), all formed swollen 
gels which decomposed after 18-24 hours of degra- 
dation. The residual solids after a 4% O and G v/v 
biodegradation, dried to an inert powder which 
would not require further treatment and be readily 
disposable. The biological treatment process would 
seem to be an excellent alternative to conventional 
technologies for this difficult way to treat waste. 
(See also W89-02006) (Lantz-PTT) 
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The use of secondary flotation clarification in 
place of, or in assisting secondary sedimentation 
clarification in the activated sludge process system 
is one recent advancement in_ biological 
wastewater treatment. The primary distinguishing 
feature of the improved activated sludge treatment 
system is that high rate dissolved air flotation, 
known as Supracell, is the secondary clarifier for 
separation of suspended solids from the aeration 
basin effluent, as opposed to secondary sedimenta- 
tion alone in conventional activated sludge sys- 
tems. The most common operational difficulties 
encountered in the conventional activated sludge 
treatment plant are rising sludge and bulking 
sludge, resulting in high suspended solids and 5- 
day BOD in the plant effluent. The common cause 
of rising sludge is biological denitrification, in 
which nitrites and nitrates in the wastewater are 
converted to nitrogen gas. When enough nitrogen 
gas is formed, and trapped in the sludge mass, the 
sludge in the conventional secondary sedimenta- 
tion clarifier becomes buoyant and floats to the 
surface. This phenomenon is termed biological flo- 
tation. Rising sludge can also be caused by internal 
solids overloading and hydraulic overloading to 
the secondary sedimentation. Poor sedimentation 
clarifier design and operation in terms of flow- 
through velocity, weir design, etc. are also ible 
causes. There are two principle types of sludge 
bulking problems: (1) the growth of filamentous 
organisms; and (2) the formation of swelling bio- 
logical flocs through the addition of bound water 
to the cells to extent that their density is reduced. 
The state-of-the-art method for controlling sludge 
bulking in an emergency situation is chemical oxi- 
dation by chlorine or hydrogen peroxide. Another 
alternative involves the addition of a secondary 
flotation unit which parallels the existing second- 
ary sedimentation unit in a conventional existing 
activated sludge treatment plant. (See also W89- 
02006) (Lantz-PTT) 
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On-going, preliminary, industrial toxicity screening 
tests being conducted for the City of Baltimore’s 
Patapsco Wastewater Treatment Plant (PWWTP), 
are presented. The screening tests at the PWWTP 
were conducted in two gos (1) initial evalua- 
tion by batch biological treatment of industrial 
wastewater dilutions for a period of 2 hours in a 
respirometer; and (2) detailed evaluation by batch 
testing of industrial dilutions with nutrient addition 
and with O2 uptake and COD removal monitored 
relative to a control synthetic wastewater. Both 
phases included testing for Microtox toxicity re- 
moval and the second phase also included Cerio- 
daphnia dubia time-lethality analysis. The results 
are preliminary, however, this testing procedure 
can be used to screen for industries which may 
require more in-depth study, and alert municipali- 
ties to potential problem sources. Microtox toxicity 
reduction was not consistent with bioassay toxicity 
reduction. Therefore, industrial toxicity screening 
tests will require further development to evaluate 
and explain the inconsistency. The C. dubia toxici- 
ty present in the PWWTP return activated sludge 
filtrate contributed to the Ceriodaphnia toxicity in 
all of the batch treatability tests on the industrial 
wastewater discharges. Batch treatability tests of 
synthetic wastewater resulted in biological activity 
rates similar to those of PWWTP primary effluent. 
The tests with synthetic wastewater were used as a 
reasonable reference from which relative inhibition 
would be determined. Batch testing of dilutions of 
industrial wastewater can be used to screen for 
inhibitory effects on WWTP biomass. (See also 
W89-02006) (Lantz-PTT) 
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A large number of xenobiotic chemicals are resist- 
ant to biological degradation, or are degraded at 
very low rates. This resistance to biodegradation it 
termed persistence. Persistence of xenobiotics can 
be attributed to: (1) the inhibitory nature of the 
chemical substance to the microorganisms; and/or 
(2) the microorganisms’ lack of necessary enzymat- 
ic pathways necessary for the breakdown of specif- 
ic compound(s). As a preliminary screening test, 
the use of plating techniques can be used to screen 
a large number of compounds and bacterial cul- 
tures for persistence. Results obtained using the 
solid agar plating technique were in good agree- 
ment with all of the other tests employed. Orth- 
ochlorophenol (OCP) was found to be much more 
persistent than 2,4-D. In addition, the time for 
growth to develop on the plates using 2,4-D as the 
sole carbon and energy source paralleled the time 
for initiation of biodegradation of 2,4-D in the 
batch shaker flask tests. To narrow the cause of 
persistence, acute toxicity tests are well suited. On 
the basis of the bioassay results from this study, 
OCP would be expected to impose a higher degree 
of toxic inhibition than 2,4-D. To determine the 
rate and degree of biodegradation, a simulation test 
(e.g. batch shaker flask test) must be employed. 
Use of these three tests together can be used to 
assess whether a xenobiotic will be persistent in a 
bioreactor, to determine the cause of the persist- 
ence, and estimate the rate and degree of biodegra- 
dation that can be achieved. Metabolic activity 
tests, oxygen consumption and ATP levels, are 
useful as complimentary analyses for the plating 
and acute toxicity tests. The results from both the 
oxygen consumption and ATP level tests were 
consistent with the solid agar plating, acute toxici- 
ty, and batch shaker flask tests. (See also W89- 
02006) (Lantz-PTT) 
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Bioaugmentation is the process of adding non- 
indigenous bacterial supplements to a bioreactor 
for the purpose of artificially increasing the bacte- 
rial diversity and/or activity of the reactor popula- 
tion. Bioaugmentation may increase the biological 
diversity and activity of the population by: (1) 
adding bacteria with enzymatic systems which 
allow degradation of previously non-biodegradable 
organics; or (2) adding bacteria which have higher 
metabolic rates. Many bacterial supplements are 
available commercially to augment existing popu- 
lations of biological hazardous waste treatment 
processes. The supplements investigated here 
were: targeted for: heavy metals, phenol, chlorinat- 
ed organics, fats and proteins, hazardous wastes, 
industrial wastes, food wastes, septage, general 
wastes, and cold weather. A number of factors 
thought to be important in determining the poten- 
tial of bacterial supplementation were investigated 
using a specific waste from a hazardous waste 
treatment, storage, and disposal facility, and bacte- 
rial supplements recommended for the waste by 
the commercial distributors. Most supplements rec- 
ommended for the study waste were not able to 
initiate degradation of the study waste without a 
period of acclimation. Parameters such as supple- 
ment viability, acclimation, and population reten- 
tion are important. The study waste, which mod- 
eled an expected indigenous population, performed 
as well as any commercial supplement. The popu- 
lation acclimated to soluble starch, which had not 
been used with the study waste, performed as well 
as some of the recommended commercial supple- 
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ments. It is not certain that bioaugmentation is 
feasible. (See also W89-02006) (Lantz-PTT) 
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Recently, advances in understanding the microbi- 
ology and biochemistry of the anaerobic break- 
down of complex organic materials have suggested 
new methods for controlling system operation and 
improving recovery from shocks. An overall 
scheme of the bacterial degradation process con- 
sists of three main parts: (1) hydrolysis and fermen- 
tation of complex organic molecules into acetate, 
H2, and organic acids with more than 2 carbons; 
(2) conversion of long-chain acids into acetate, H2, 
and CO2; and (3) methane production from the 
cleavage of acetate and the reduction of CO2 with 
hydrogen. The concentration of hydrogen in an 
anaerobic system is considered by recent investiga- 
tions to be the most important parameter in the 
efficient operation of the process. When the partial 
pressure of hydrogen is reduced to levels of 0.001 
to 0.00001 atmospheres, these reactions can take 
place. Because of this, the syntrophs must exist in 
an obligate symbiotic relationship with an effective 
hydrogen consumer, and are difficult to maintain 
in a pure culture. For many years, the syntroph- 
methanogen consortium was considered to be a 
single bacterium, Methanobacillus omelianskii. 
Methanogens are capable of consuming hydrogen 
even when the amount available is —— 
small. These bacteria are limited by a slow growt 
rate and a narrow range of pH tolerance, proper- 
ties that can cripple the operation of an 

reactor. The studies reported here describe the 
anaerobic degradation of whey in upflow sub- 
— filters at mesophilic temperature. Anaero- 
bic filters are capable of degrading a concentrated 
organic substrate at a high loading rate. During the 
127 days of operation, the reactors were stable and 
adjusted quickly to increases in loading rate, re- 
moving 90% of TCOD and producing ~~ with 
methane concentrations of 67-70%. The efficiency 
achieved with the high influent concentrations sug- 
gests that anaerobic fixed-film treatment of whey 
provides a means of waste disposal and energy 
production for dairies and cheese manufacturers. 
(See also W89-02006) (Lantz-PTT) 
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A rational model of flocculent microbial cultures 
was developed to assess the efficacy of mainte- 
nance doses of bioaugmentation products upon the 
steady-state removal of a potentially hazardous 
organic compound (PHOC) that is resistant to 
microbial degradation. Steady-state simulations 
with this model indicate that the impact of bioaug- 


mentation products is influenced by the product 
dose, the wastage ratio, and the influent concentra- 
tion of the PHOC. However, for conditions repre- 
sentative of a completely-mixed activated sludge 
system, the model predicts that typically pre- 
scribed doses of bioaugmentation products will not 
have a substantial impact upon the removal of 
PHOCs that are resistant to microbial degradation. 
Moreover, the model predicts that lowering the 
biomass wastage ratio offers a potentially more 
effective means of improving the steady-state, mi- 
crobial removal of resistant PHOCs in suspended- 
— systems. (See also W89-02006) (Lantz- 
) 


W89-02035 


DEVELOPMENT OF TREATMENT ALTERNA- 
TIVES THROUGH AN UNDERSTANDING OF 
WASTE CHEMISTRY, 

RECRA Environmental, Inc., Amherst, NY. 

T. F. Stanczyk. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 309-320, 8 fig, 5 tab, 5 ref. 


Descriptors: *Hazardous wastes, *Toxic wastes, 
*Waste disposal, *Standards, *Waste treatment, 
*Chemical properties, Organic compounds, Inor- 
ganic compounds, Landfills, Volatile organic com- 
pounds, Toxicity, Solubility, Ignitability, Heavy 
metals. 


Waste residues contain an array of inorganic and 
organic constituents varying in terms of mobility 
and hazard potential. The EPA proposed Toxic 
Characteristic Leaching Procedure Standards will 
undoubtedly focus on parameters and performance 
standards that are generally ignored in terms of 
waste treatment. Treatment alternatives are going 
to play an important role in waste minimization 
strategies. EPA performance standards for landfill 
candidates will force industry to assess waste prop- 
erties and the degree of environmental concern. 
The overall approach to the development of a 
waste minimization strategy should allow for a 
waste-specific characterization pro as well as 
source oe and treatment alternatives that 
can prioritize as goals waste reclamation, detoxifi- 
cation, purification/reuse, volume reduction and 
safe disposal. Some of the existing limitations and 
waste restrictions of land disposal, focus on the 
following acceptance criteria: (1) Ignitability; (2) 
Volatile organic content; (3) toxicity; (4) solubility; 
and (5) physical properties. (See also W89-02006) 
(Lantz- 
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Wastewater reuse for and in industry and other 
purposes can and should be integral part of water 
resources management in water short areas. In the 
case studies described here, the cost of treatment 
and recycle could compete with real cost of fresh 
water, its treatment, plus the cost of waste treat- 
ment and disposal. The need of the reclaimed 
water and its value for the industry prompted 
installation of advanced treatment processes, thus 
providing better water pollution control. The reuse 
projects, though cost effective, needed the initia- 
tive and strong support of local and national gov- 
ernment in their development stages. Also, many 
legal, political and institutional aspects have to be 
considered in all reuse-reclamation schemes, such 
as: water rights vs. effluent reuse, wastewater own- 
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erships and rights, and cost sharing in case of 
municipal effluent reuse. (See also W89-02006) 
(Lantz-PTT) 
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Aerojet, a division of Gencorp, is a Sacramento, 
California, based aerospace company primarily in- 
volved in the manufacture and development of 
liquid and solid rocket motor. Such manufacturing 
involves a number of processes which can generate 
dilute hazardous wastes which are hauled to Class 
1 disposal sites. The Central Waste Management 
Department (CWM) is responsible for handling 
and disposing of all waste, both toxic and nontoxic, 
at the Sacramento facility. Within this department 
is the Central Waste Technology group that is 
responsible for developing and constructing facili- 
ties which can treat both toxic and nontoxic 
wastes. It is the goal of this group to minimize off- 
site disposal. Current, Aerojet generates approxi- 
mately 2,000,000 gallons a year of aqueous dilute 
hazardous wastes. This paper discusses the pilot 
work and design considerations that culminated in 
the construction of a treatment plant for these 
wastes which will discharge effluent to a publicly 
owned treatment works (POTW). CWM initiated 
construction of the treatment plant in October 
1986. Plant construction was completed (with the 
exception of installation of the gas chromatograph) 
in May 1987. Construction cost for the plant in- 
cluding engineering was $725,000. Operating costs 
are predicted to be between 10 and 15 cents per 
gallon depending upon carbon usage and solids 
cake disposal costs. At these costs, and with cur- 
rent waste generation rates, return on initial invest- 
ment will be between 7 and 9 months. (See also 
W89-02006) (Lantz-PTT) 
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EPA is required to evaluate alternative technol- 
ogies for each waste category and to establish 


treatment standards for banned wastes based on the 
lowest level achieved by a best demonstrated avail- 
able technology (BDAT). As part of the program 
to develop this information, field evaluation of 
alternative technologies for treating or destroying 
wastes that have been listed for priority action 
were conducted. The primary focus of this study 
was to evaluate the treatability of metal-bearing 
and solvent wastes. Facility A is a commercial off- 
site treatment facility accepting aqueous wastes 
generated by the electroplating industry, as well as 
other metal finishing operations. Facility B is a 
chemical manufacturing plant owned and operated 
by a major chemical company. Both solid and 
liquid hazardous organic wastes generated on-site 
and at several other company plants are incinerat- 
ed at Facility B. Solid waste and sludges are re- 
ceived in drums and typically include paint 
sludges, chlorinated hydrocarbons, coke solids, 
vacuum filter solids, waste filter elements and pol- 
ymeric tar. Liquid wastes, transported on-site by 
bulk tanker truck, commonly include waste organ- 
ic solutions, waste solvents, tank farm nitrates and 
chloroprene catalyst sludge. The treatment train 
utilized at Facility A (cyanide oxidation, chromi- 
um reduction, chemical precipitation, vacuum fil- 
tration) successfully removed the metal com- 
pounds from the water environment. The metals 
were removed to below the pretreatment limits 
imposed by the local municipality. Moreover, the 
sludge sample extracts were within the threshold 
limits for metals and organics of the land disposal 
regulations. Evaluation of the data from Facility B 
indicates that significant levels of toxic metals are 
present in waste solvents and organic process 
wastes destined for incineration. Since metals are 
not destroyed by incineration, they tend to concen- 
trate in the treatment residues ash and scrubber 
wastewater. Facility B, a properly designed and 
operated system, achieves complete destruction of 
-_ compounds. (See also W89-02006) (Lantz- 
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Caustic soda is normally used in olefin plants to 
remove hydrogen sulfide and carbon dioxide from 
cracked gas streams. The resulting waste is known 
as spent caustic and is characterized by high con- 
centrations of sulfide, dissolved solids, chemical 
oxygen demand (COD), and biochemical oxygen 
demand, and by high pH. Its high pH and sulfide 
content make spent caustic a hazardous waste 
under the Resource Conservation and Recovery 
Act (RCRA). Characteristics of spent caustic that 
make it difficult to treat have encouraged the use 
of deep well injection for disposal. Increasingly 
stringent RCRA regulations may preclude the use 
of deep well injection in the future. Alternatives to 
deep well injection include wet air oxidation, 
chemical oxidation, chemical precipitation, steam 
stripping, and, in certain cases, dilution with other 
wastes followed by oxidation in biological treat- 
ment systems. The characteristics, performance, 
and costs of these alternative technologies are de- 
scribed. (See also W89-02006) (Lantz-PTT) 
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Vacuum assisted sludge dewater bed (VASDB) 
systems are a proven, effective technology. In 
comparing VASDB systems against conventional 
sand drying beds, the assumptions regarding long- 
term loading rates will prove critical in the analy- 
sis, making local climatic conditions a very signifi- 
cant factor in the analysis. It must be recognized 
that the end product from the two concepts will 
not usually be the same. The sand bed will typical- 
ly produce a sludge cake exceeding 30% solids 
while the vacuum bed is typically operated to 
produce a liftable (12 to 15% solids) cake. If treat- 
ment facility disposal practices require a higher 
solids concentration, an additional supplemental 
drying area may be needed for the vacuum assisted 
systems. On-going research and development is 
being directed at prolonging the service life of the 
media plats and reducing their cost. The major 
market to date has been at treatment systems with 
flows < 7500 cu m/d, however, the size of facili- 
ties which are giving serious consideration to this 
concept is gradually increasing. (See also W89- 
02006) (Lantz-PTT) 

W89-02050 


WASTE OIL RECOVERY, 

Bird Machine Co., Inc., South Walpole, MA. 

C. P. Steele, C. T. Mahoney, and J. D. West. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 457-463, 7 fig. 


Descriptors: *Wastewater treatment, *Oil recov- 
ery, *Industrial wastewater, Heat treatment, Sepa- 
ration techniques, Chemical treatment, Costs anal- 
ysis. 


There are two key areas in a good waste oil 
recovery system. The first area is efficient heat- 
chemical treatment to reduce the emulsion (rag) 
phase of the waste oil stream as much as possible 
and, in turn, maximize the amount of free oil and 
free water in the stream. The more efficient the 
heat/chemical treatment the greater the amount of 
clean oil that can be recovered from the waste 
stream. The result is an increase in the efficiency of 
the overall recovery system. The second area is to 
incorporate separation equipment which has the 
versatility to comp for ch in the waste 
oil stream while remaining on line. This versatility 
is directly related to both the separation efficiency 
and the on-line processing time of the system. The 
net result is a cost-effective waste oil recovery 
system which minimizes both downtime and oper- 
ating costs while maximizing product recovery. 
(See also W89-02006) (Lantz-PTT) 
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Apart from activated carbon, several other natural 
and synthetic media can be used to absorb oil and 
grease. Due to its abundant availability, peat lends 
itself as a potential medium for the removal of oil 
and grese from various wastewater streams. The 
oil binding capacity of the Saskatchewan horticul- 
tural peat was found to be 7.5 to 7.8 times its 
weight. The kinetic studies indicated that equilibri- 
um was reached within 1 to 3 hours of contact 
between the peat and oil-in-water emulsions de- 
pending upon the nature of the oil used and the 
emulsion stability. The adsorption data for the 
emulsions did not follow the Langmuir and the 
Freundlich isotherms. Generally, the Branaur- 
Emmett Teller isotherm appeared to fit the data 
letter. Column studies indicated that peat is capa- 
ble of adsorbing oil to an extent of 90% for more 
than eight hours of continuous run without necessi- 
tating backwashing. However, the time up to 
which peat can be used without backwashing is to 
be investigated. The average percentage removal 
in the column for the four emulsions studied at a 
flow rate of 12 ml/min for two cycles of eight 
hours each were as follows: standard mineral oil, 
99.59%; Midale crude oil, 99.48%; cutting oil, 
96.90%; and refinery effluent 91.32%. The study 
indicated that the peat columns can take higher 
flow rates and longer filter runs than the flow rate 
of 12 ml/min and eight hours of filter run studied. 
(See also W89-02006) (Lantz-PTT) 
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The sequencing batch reactors (SBR) treatment 
plant at Doskocil Sausage Company was designed 
to remove BOD, suspended solids, and grease 
down to standard municipal waste concentration 
level of 200/200. The plant was designed as an 
SBR to provide some measure of control over the 
filaments which had plagued the existing fine- 
bubble diffused air activated sludge plant. The 
SBR plant was designed, constructed, and started 
up within 18 months. Within 4 weeks after start-up, 
BOD and grease removals exceeded 98%. Over 
the next 12 months, BOD and grease removal 
averaged 99%, and suspended solids removal aver- 
aged over 90%. Throughout that period, the 
sludge volume index has typically been 125 or less. 
Extreme variations in flow rate and pH have 
shown little effect on effluent quality. System oper- 
ation has proven to be flexible, reliable, and simple. 
The plant employs one operator working 40 hours 
per week. The automatic process controller ‘runs’ 
the plant. Due to the savings on sewer disposal 
charges, Doskocil Sausage Company recovered its 
investment in < 18 months. (See also W89-02006) 
(Lantz-PTT) 
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The ICEAS variation of the cyclical actuated 
sludge process is a viable, cost-effective method 
for treating wastewaters containing conventional 
pollutants in volumes up to 6.0 mgd with peak 
flows up to 16.0 mgd to meet secondary effluent 
limits. Considerations to prevent short circuiting of 
influent during decantation in continuous influent- 
intermittent effluent cyclical activated sludge proc- 
esses should include constant rate recantation if a 
pivoting gutter type decanter is used, tank length 
to width ratios in excess of 2:1, and shortening or 
eliminating the central transverse baffle provided 
to inhibit sludge migration during the decant cycle. 
Cyclical actuated sludge processes treating 
wastewaters with high concentrations of inert 
solids operating based on F/M loadings should use 
mixed liquor volatile suspended solids (MLVSS) 
for design loading calculations rather than mixed 
liquor suspended solids (MLSS). The ICEAS vari- 
ation of the cyclical activated sludge process oper- 
ated at F/M (MLVSS basis) loading of 0.15 and a 
sludge age (MLSS basis ) of 10 days can provide 
consistent removal of over 90% of influent BOD 
and over 97% of influent NH3-N. (See also W89- 
02006) (Lantz-PTT) 
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Polychlorinated dibenzo-p-dioxins (PCDDs) and 
polychlorinated dibenzofurans (PCDFs) are almost 
inert in the presence of acids and alkali solutions 
and are, under certain conditions, chemically stable 
against oxidative and reductive reaction condi- 
tions, and are stable at high temperatures (several 
hundred degrees Celsius). Ozone, as a very strong 
oxidant, can react with PCDDs and PCDFs. The 
reaction behavior of various PCDDs and PCDFs 
in an aqueous medium with ozone was studied. No 
significant degradation of 2,3,7,8-T4CDD by 
ozone was observed at pH 5 in an aqueous 
medium. At pH 10, ozone will react with PCDDs 
and PCDFs in an aqueous medium. The degrada- 
tion of PCDDs and PCDFs was found to be a 
second order reaction. Rate constants were calcu- 
lated for selected PCDDs and PCDFs. The degra- 
dation reaction is more rapid at 50 C than at 20 C. 
Ozone will react with 2,3,7,8-T4CDD in a typical 
dump leachate, with pH adjusted to 10. (See also 
W89-02006) (Lantz-PTT) 
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The objective of this study was to develop infor- 
mation to design a full scale sensitized photooxida- 
tion for bromacil detoxification in a full scale field 
situation; determine the effects of mixing, sunlight 
intensity, pH value, reactor depth, sensitizer and 
sensitizer concentration, initial substrate concentra- 
tion, dissolved oxygen concentration, water and air 
temperature, suspended solids and turbidity, and 
hydraulic detention time on detoxification efficien- 
cy; screen a variety of dyes and stains for potential 
sensitizers and determine the effect of pH value on 
the reaction rate for the sensitizers; and develop 
mathematical models to predict and optimize de- 
toxification efficiencies. Degradation of bromacil 
was directly related to percent ionization, and both 
were dependent on pH value. A pH value above 9 
was necessary to ensure maximum reaction rates 
using methylene blue as a sensitizer. A methylene 
blue concentration in the range from | to 10 mg/L 
was sufficient to photooxidize a 30 mg/L bromacil 
solution. Reaction rates were highest at 10 mg/L, 
and at higher concentrations reaction rates began 
to decline. Some removal of bromacil and methyl- 
ene blue was due to adsorption onto and subse- 
quent settling out of suspended solids. The sunlight 
intensities encountered during the study, 294 to 876 
W/sq m, were sufficient for degradation for degra- 
dation of bromacil. Air temperatures (0 to 35 C), 
and wastewater temperatures (10 to 25 C) did not 
affect reaction rates. In laboratory studies to screen 
potential sensitizing agents, little or no bromacil 
degradation was observed at a pH value of 4. An 
increase in reaction rate was seen at pH 7, and 
reaction rates were highest at pH 10. (See also 
W89-02006) (Lantz-PTT) 
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Bromine-based disinfection has been recognized as 
having a number of advantages compared to chlo- 
rine, including: (1) bromamines provide bacterioci- 
dal effects comparable to free hypobromous acid; 
(2) bromamine species are short-lived (i.e. with 
half-lives measured in minutes); (3) bromine-based 
disinfection remains effective more than one pH 
unit higher than Cl2; and (4) bromine-based disin- 
fection has been shown to provide improved disin- 
fection of viruses, cysts, and certain bacteria, as 
compared to equivalent chlorine doses. Disinfec- 
tion results obtained during a controlled laboratory 
evaluation of two alternative bromine-based disin- 
fection procedures in comparison with chlorine- 
only treatment are reported. The two bromine- 
based strategies were as follows: (1) sodium bro- 
mide supplementation during chlorine disinfection; 
and (2) the use of bromochlorodimethylhydantoin 
(BCDMH), and organic compound carrying both 
of the oxidizing halogen species. The results ob- 
tained during the reported study inherently rein- 
force the findings of other researchers studying the 
comparative performance of bromine-based vs. 
chorine-based disinfection, and consequently war- 
rant the future promotion of bromine-based disin- 
fection as an effective, appropriate alternative 
treatment strategy. In particular, bromine-based 
disinfection appears to be advantageous in those 
situations requiring minimal residuals, due to both 
the relative effectiveness of this procedure and the 
expedient decay characteristics of the constitutive 
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Oxygen transfer capabilities were tested in the 
presence of specific organic compounds. The ef- 
fects on oxygen transfer of several organic com- 
pounds and surfactants were examined in jet aer- 
ation and five bubble dome aeration set-ups. Al- 
though the data collected in this study apply only 
relative to the systems used, the trends observed 
are definitely indicative of what could be seen in 
full scale operations. For both aerators one area 
that is not directly addressed in this study is the 
effect of liquid depth on oxygen transfer. It has 
been shown that oxygen trasnfer efficiencies defi- 
nitely increase with depth for clean water. The 
enhancement shown for the jet aerator has been 
indicated for full scale systems but further research 
is required before definitive conclusions can be 
made. Preliminary results on active biological sys- 
tems containing the types of chemical compounds 
used in this study indicate enhancement of oxygen 
transfer in steady state systems using jet aerators. 
Also, acive biological systems using fine bubble 
dome aeration seem to benefit from trace amounts 
of carboxylic acid and alcohols. (Lantz-PTT) 
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A specific operating problem existed relating to 
the control of the dissolved oxygen concentrations 
in the oxygenic reactor of a coupled biological 
fluidized bed process. The first step in solving the 
control problem was the formation of a dynamic 
model for the response of the oxygenic reactor 
effluent DO concentration to changes in a control 
signal regulating the oxygen supply to the reactor 
feed. The second step was the design of an appro- 
priate controller based on the dynamic model. The 
third step was the implementation of the control- 
ler. The main difficulty in controlling the process 
was related to the significant amount of deadtime 
in the DO response. The process response also 
seemed to change over time, and the dynamic 
model parameters required readjusting after the 
process modeling stage. A_proportional-integral 
(PI) controller with a Smith Predictor deadtime 
compensator was considered to be successful for 
the purpose of controlling the pilot plant DO 
concentration during dynamic experimentation. 
The controller maintained a steady DO concentra- 
tion at a setpoint of 2.5 mg/L. After a disturbance, 
steady control was usually reestablished at the 
setpoint of 2.5 mg/L. After a disturbance, steady 
control was usually reestablished at the setpoint 
within 40 minutes. Since the success of the Smith 
Predictor scheme depends on a good model, a 
major proportion of the time spent in developing 


the controller was consumed in model identifica- 
tion. After the initial identification, more time was 
required in monitoring the adequacy of the model 
and making required parameter adjustments. These 
difficulties could be overcome in future applica- 
tions by using a self-tuning controller which would 
automatically estimate the required parameters on- 
line. To improve the disturbance regulation of a 
DO controller, a method would be required to 
measure an impending disturbance before it propa- 
gated through the process. A feed forward control 
element could then be added to the overall control 
scheme which would take corrective action on the 
process before the disturbance caused the process 
output to deviate. (See also W89-02006) (Lantz- 
PTT) 
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Solids settling variability and its actual and poten- 
tial operating influence, were studied at three oper- 
ating municipal wastewater treatment facilities. 
Solids settling variations were appreciable on the 
basis of every parameter (flux variability (delta G); 
gravity flux curve (V sub o and k); minimum total 
solids flux loading (G sub s); and time requirement 
per unit depth of storage, time/length (T sub x)) 
observed during this experimental program. De- 
scribing gravity solids-flux variability using 
changes in the settleability signature V sub 0 and k 
values appear appropriate. The operationally sig- 
nificant solids separation capacity and the resultant 
impact of variability may be described using the 
derived parameters G sub s and T sub x. Facility 
design limitations constrain operation RAS flow to 
values appreciably greater than optimum for the 
majority of days analyzed. This points out the need 
for operating design flexibility. Overall efficient 
solids handling capacity measured as G sub s was 
relatively consistent at all three experimental sites. 
Average G sub s values were: Plant 1 - 89 kg/sq 
m/d, Plant 2 - 57 kg/sq m/d, and Plant 3 - 37 kg/ 
sq m/d. (See also W89-02006) (Lantz-PTT) 
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Conventional activated sludge biomass can be ac- 
climated to accomplish successful treatment of a 
refinery wastewater. The activated sludge treat- 
ment process was capable of removing convention- 
al pollutants such as BOD, COD, and TOC, as 
well as selected priority organics (dimethylphenol, 
phthalates, fluorene, naphthalene, pyrene, benzene, 
chloroform, ethylbenzene, toluene, xylene) present 
in a refinery wastewater. Powdered activated 
carbon concentrations up to 150 mg/L in the acti- 


vated sludge reactor enhanced removals of both 
the conventional and selected priority pollutants. 
Changes in the sludge age between 3 and 12 days 
had little effect on the removal efficiencies for the 
compounds studied. (See also W89-02006) (Lantz- 
PTT) 
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It is reasonable to assume that the carbon source in 
the activated sludge process is removed from solu- 
tion during metabolism and then channelled in 
varying proportions into synthesis of new cells and 
to respiration measurable as oxygen uptake. The 
principle may be employed to calculate one of the 
three variables in the process if reliable information 
can be obtained on the remaining two. Previous 
studies have applied this principle to obtain growth 
curves from oxygen uptake data for both metaboli- 
cally simple (EMP and TCA) and metabolically 
complex systems. This paper mathematically illus- 
trates that the accumulated oxygen uptake curve 
can be employed quite readily as a surrogate for 
the growth curve in defining the relationship be- 
tween growth rate and oxygen demand. Analytical 
considerations are discussed and results are pre- 
sented of a test of the respirometric method in a 
laboratory-scale activated sludge batch reactor. 
The results show that the 02 surrogate method for 
obtaining specific growth rates at various initial 
concentrations of substrate provides results that 
are essentially identical to those obtained in 
growth studies. (See also W89-02006) (Lantz-PTT) 
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Prior to testing industrially generated hazardous 
wastes, two prototype bench-scale activated sludge 
systems have been set up and are being used to 
evaluate the fates of two selected aqueous organic 
hazardous waste constituents, methyl ethyl ketone 
(MEK) and 1,1,1-trichloroethane (TCA). The pri- 
mary removal mechanism for MEK in an acclimat- 
ed activated sludge system at the concentration 
studied (55 + or - 9 mg/L and 430 + or - 59 mg/ 
L) appears to be biodegradation. In addition, strip- 
ping may become an increasingly important re- 
moval mechanism as the concentration of MEK is 
raised further. This phenomenon is currently being 
investigated. The effect of the studied concentra- 
tions on the operation of a full scale activates 
sludge plant is not clear as a result of solids set- 
tling/return problems experienced during this 
phase of the study. The primary removal mecha- 
nism for TCA appears to be volatilization/strip- 





ping. Some biodegradation was evidenced, but it is 
not likely to be an important removal mechanism, 
especially at higher concentrations, due to TCA’s 
inhibitory effects on biomass growth. (See also 
W89-02006) (Lantz-PTT) 
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Studies of entrapped microbial cells for wastewater 
treatment processes are necessary for overcoming 
and to provide an effective removal or degradation 
of organic-toxic materials. One way in which the 
effective entrapment of microbial cells in the carri- 
er is revealed is by calculating the mass balance of 
NH4-N for estimating SRTs (Solid Retention 
Time). These SRT’s may be estimated through the 
amount of NH4-N retained in the carrier divided 
by the amount of NHr-N discharged from the 
system per day. The increase of SRT indicates that 
the microbial cells gradually divide in the en- 
trapped carrier. The stable operational perform- 
ance is expected when the higher SRT’s are main- 
tained. The SRT gradually increases as the day of 
operation increases. After 5 days of operation, 
SRT can be increased to about 9 days which is in 
the range of the operation of activated sludge 
process (SRT = 5-15 days) but not the extended 
aeration process (20-30 days). Furthermore, the 
present process of using the mono-carrier can in- 
crease the SRT to more than 30 days after 8 days 
of starting-up period. Both TCOD and SCOD 
removal efficiencies are above 92% after 10 days 
of operation. The benefit of entrapping microbial 
cell in a mon-carrier for improving organic 
wastewater treatment process is guaranteed. How- 
ever, with the higher loading rates (3.0 - 9.0 g 
COD/L/day) applied in a bi-carrier system, the 
SRT could be only maintained in the range of 2 to 
40 days when periodical column washing was con- 
ducted. In spite of the higher loading rate applied, 
after 20 days of operation, the SRT could still be 
maintained in the range of 8-15 days. (See also 
'W89-02006) (Lantz-PTT) 
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The Coca Cola Bottling Company of Cape Cod 
began production at a new facility in Sandwich, 
Massachusetts in 1984. The Department of Envi- 
ronmental Quality Engineering required that com- 
pany construct an on-site treatment facility to 
handle the discharge from the bottling operation. 
That facility was designed to achieve effluent qual- 
ity of < 20 g/L BOD and TSS prior to discharg- 
ing into the ground. The design of the wastewater 
treatment system was based on pilot plant work 
conducted on wastewater effluent from the old 
production facility in South Sagamore. That work 
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indicated that a thirty-day detention time with 
aeration would reduce the influent BOD from 1200 
mg/L to between 5 and 10 mg/L. The pilot study 
had indicated that treatment efficiency and settlea- 
bilities could be improved through the addition of 
a supplemental nutrient. Phosphorus and nitrogen 
had been added in the form of phosphoric acid and 
aqueous ammonium since the plant had been 
placed into operation. During the first week of 
June 1986, the addition of potassium in the form of 
potash (60% K20 fertilizer) to Lagoon No. 1 and 
Lagoon No. 2 had been initiated. By late June, the 
BOD concentration in Lagoon No. 1 had de- 
creased to 60 mg/L from a peak value of 620 mg/ 
L during early May. In Mid-June, a 5.0 HP jet- 
type aerator was installed in Lagoon No. 2. By 
early August, the BOD concentration in Lagoon 
No. | had decreased to below 20 mg/L. However, 
BOD concentrations in Lagoon No. 2 remained 
high because the aerator in Lagoon No. 2 not only 
increased the oxygen supply, but also resuspended 
the solids that had settled to the bottom. The solids 
were the settleable solids which were produced in 
Lagoon No. | and carried over to Lagoon No. 2. 
The mixing action brought about breakdown of the 
solids, causing the BOD concentrations in Lagoon 
No. 2 to remain high. As a result of the potassium 
nutrient addition and the aerator addition to 
Lagoon No. 2, the treatment plant has been able to 
meet discharge permit limitations through the end 
of 1986. Lagoon No. 1 has been achieving BOD 
removals of > 99%. Plant raw waste BOD con- 
centrations in Lagoon No. 1 averaged between 15 
and 25 mg/L since mid-September. (See also W89- 
02006) (Lantz-PTT) 
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Sorghum represents a potentially large biomass 
resource for conversion to methane. A total of 17.8 
million acres of sorghum were planted in the U.S. 
in 1985 with the growth yield of as high as 36 tons 
(fresh weight)/acre/yr. Biogasification data col- 
lected at mesophilic conditions in a single stage, 
solids concentrating digester suggest that this is an 
excellent material for conversion to methane. 
Methane yields of 5.3 SCF/Ib organic matter fed 
were obtained at a loading rate of 0.27 lb of 
organic matter/cu ft/day. This represents nearly 
complete conversion of the biodegradable portion 
of the sorghum and exceeds the yields nearly com- 
plete conversion of the biodegradable portion of 
the sorghum and exceeds the yields obtained in a 
conventional CSTR by 50%. Increased methane 
production rate, 2.0 vol/vol/day, was obtained 
during the thermophilic operation of the ETU. 
Average methane yield during this period was 4.4 
SCF/lb organic matter added at a loading rate of 
0.47 Ib of organic matter/cu ft/day. With further 
optimization it may be possible to increase the 
methane yields even further in the solids concen- 
trating digester. These studies have generated a 
data base for the conversion of sorghum to meth- 
ane at a scale sufficiently large to establish com- 
mercial operating parameters and to provide the 
data necessary for economic evaluations. (See also 
W89-02006) (Lantz-PTT) 
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Wet air oxidation followed by the dewatering of 
residual solids can be used to significantly reduce 
the volume of anaerobic sludges (> 965). If decant 
liquors are to be treated by anaerobic methods for 
reducing the main stream plant loading, the choice 
of wet air oxidation (WAO) operating condition is 
critical. The use of high reactor temperatures (> 
250C) generates toxic or inhibitory factors such as 
formaldehyde; lower WAO temperatures result in 
reduced volatile suspended solids (VSS) destruc- 
tion and more residual solids for final disposal. An 
optimum WAO operating temperature appears to 
be 230 C at which 65.5% of the VSS is destroyed 
and about 60% of the SCOD generated is biode- 
gradable. The research revealed that most of the 
heavy metals present in raw PDS, with the excep- 
tion of mercury, were concentrated in the dewa- 
tered solids. Settled and/or dewatered WAO vola- 
tile solids have a much higher COD content (g 
COD/g VSS) than raw previously digested sludge 
(PDS) regardless of the operating temperature. 
The anaerobic bioassays were conducted over 
longer periods with more frequent chemical analy- 
ses of constituents than normally reported. These 
techniques provided a better understanding of 
toxic effects and delayed methanogenesis than the 
common short term bioassay. (See also W89-02006) 
(Lantz-PTT) 
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Packerland Packing Co., Inc., a high volume beef 
processor, operates with the following primai 

sources of wastewater flow: washings from the kill 
floor, washwater from intestine flushing and casing 
production, paunch liquor from processing stom- 
ach contents, tripe wash, and rendering plant 
wastewater. As of mid-1984, Packerland was faced 
with significant operating costs associated with 
maintenance of its pretreatment plant and uncer- 
tain disposal opportunities for its semi-solid residu- 
als (Pretreatment plant sludge, paunch solids). 
Consequently, Packerland sponsored a study of 
potential treatment system improvements. The 
study exposed many major deficiencies in the 
wastewater pretreatment system. Pilot studies 
were conducted, and included: Both the applica- 
tion of a mesophilic anaerobic contact process to 
the process wastewater and application of a ther- 
mophilic digestion process to the paunch manure 
and other miscellaneous semisolid residues generat- 
ed in slaughterhouse production. Judging from the 
pilot plant results, the startup time for a full-scale 
system would be in the range of 8-10 weeks. Also, 
it was felt that an initial reactor mixed liquor 
volatile suspended solids concentration of 200-300 
mg/L would be adequate for full-scale startup. 
Other full-scale recommendations from extrapola- 
tion of the pilot data included: (1) design the 
anaerobic reactor at a COD loading of 3.0 kg/cu 
m/day; (2) use an equalization tank to smooth out 
hydraulic fluctuations; (3) caustic or nutrient addi- 
tion weuld not be required in the full-scale plant; 
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(4) a degasification method should be included 
which would improve performance of solids-liquid 
separation; (5) waste solids handling in the full- 
scale plant should be based on an expectation of 
0.09 Ib of total suspended solids produced per 
pound of COD added. (See also W89-02006) 
(Lantz-PTT) 
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Since operational costs are the most significant 
part of overall treatment costs, suggestions for 
decreasing these costs, for either a dissolved air 
flotation (DAF) or an anaerobic option, are appro- 
priate. If a significant service life remains on an 
existing DAF unit, such that converting to anaero- 
bic treatment is not currently attractive, then meas- 
ures should be taken to control chemical usage and 
excess sludge production. For this purpose, more 
routine flocculation testing (jar tests) are recom- 
mended together with better pH control. Low-cost 
sludge dewatering units would also be recommend- 
ed provided they do not require high chemical 
dosages or extensive additional manpower. If a 
poultry processor is considering installing a 
wastewater pretreatment system (i.e. new plant, 
major expansion or replacement of outdated unit), 
it is highly recommended that an anaerobic treat- 
ment system be evaluated. Moreover, to help 
reduce the major operational cost of anaerobic 
treatment, i.e., process heating, the implementation 
of heat exchangers is suggested for recovery of 
low-grade heat wasted at a number of points in the 
poultry processing line. It is conceivable that the 
heating cost could be reduced by 75%, with pay- 
back for the heat exchangers in less than a year. 
The anaerobic treatment process has been demon- 
strated technically feasible in the laboratory, and 
economic projections show that it is economically 
competitive; in fact, significantly more attractive, 
than DAF treatment. The pursuit of pilot-scale and 
full-scale treatment endeavors is strongly recom- 
mended to help identify the operational intricacies 
and ultimate profitability of anaerobic treatment of 
poultry processing wastewater. (See also W89- 
02006) (Lantz-PTT) 
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Packerland Packing Company (PPC) operates a 
high-volume beef processing/rendering plant in 
Green Bay, Wisconsin. At processing levels of 
2300 head/day the plant produces approximately 
10274 kg BOD with 8221 kg SS in 3050 cu m/day 
of raw wastewater. By 1984 the high costs for 
chemicals required to operate the existing physi- 
cal/chemical wastewater pretreatment process, 
combined with steep municipal surcharges, 
prompted PPC to investigate more efficient and 


economical treatment alternatives. The wastewater 
produced by PPC’s beef processing and rendering 
plants is highly amenable to anaerobic treatment. 
High treatment efficiencies in COD, BOD and 
TSS reduction are possible for this wastewater 
using the contact type anaerobic digestion system. 
Good COD to biogas conversion occurs with the 
production of biogas with a high methane (fuel) 
content. Excellent digester biochemical stability 
was observed without the addition of nutrients or 
pH neutralization chemicals. Excellent restart re- 
sponses to both short (2 day) and intermediate (3 
week) length shutdowns were observed. Solids 
production was F/M ratio dependent and averaged 
.13 TSS/kg COD added during Phase II. Prehy- 
drolysis of the wastewater solids before the anaero- 
bic reactor was neither significant nor necessary. 
Good solids settleability was observed during the 
entire pilot program, including high shock load- 
ings, extended high loadings and high F/M ratio 
stresses. Start-up was rapid and trouble free using 
readily available municipal digester seed sludge. 
The pilot plant demonstrated the technical feasibil- 
ity for full-scale treatment of this wastewater and 
provided the database on which to make an evalua- 
tion of the economics of such a facility relative to 
PPC’s operations. (See also W89-02006) (Lantz- 


PTT) 
W89-02071 


ANAEROBIC PILOT PLANT STUDIES FOR 
DAIRY PLANT WASTEWATERS, 

Stover and Associates, Stillwater, OK. 

E. L. Stover, and R. Gonzalez. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 693-700, 4 fig, 4 tab. 


Descriptors: *Anaerobic digestion, *Pilot plants, 
*Dairy industry, *Food-processing wastes, 
*Wastewater treatment, Industrial wastewater, Bi- 
ological treatment, Nickel, Copper, Cobalt, Mo- 
lybdenum, Chemical oxygen demand, Kinetics, 
Filtration, Hydrogen ion concentration, Methane, 
Flocculation. 


The key to maintaining process control and stable 
operations in biological treatment systems (aerobic 
or anaerobic) is to provide proper environmental 
conditions to the biomass or bacteria in the system. 
Accurate biological kinetic analysis procedures 
were developed for anaerobic systems that allow 
comparison of wastewater treatability characteris- 
tics whether in full-scale or pilot treatment system. 
This approach has been successfully used to com- 
pare full-scale operations with pilot study data. 
The biological treatment kinetics indicated excel- 
lent anaerobic treatment characteristics. Micronu- 
trient addition (Ni, Co, Cu, and Mo) at 0.1 mg/L 
based on forward flow did not improve the biolog- 
ical kinetics. Addition of cultured bacteria did not 
improve the biological kinetics. Operating the pilot 
reactor at full flow and COD loading conditions 
did not affect the biological kinetics. Feeding ultra- 
filtration permeate instead of whey did not affect 
the biological kinetics. Mixed liquor pH < 6.8 had 
detrimental impacts on biological kinetics. Micron- 
utrient addition (Ni, Co, Cu, and Mo) significantly 
enhanced the methane gas production rate. Meth- 
ane gas production rate was negatively impacted at 
mixed liquor pH < 6.8. Addition of cultured bac- 
teria had no impact on gas production rate. Ultra- 
filtration permeant had no affect on the methane 
production rate. Gas quality (% methane) re- 
mained approximately the same at 55 to 60% meth- 
ane in all the reactors irrespective of environmen- 
tal conditions, micronutrients additions, or cul- 
tured bacteria additions. Methane production with 
micronutrient additions was around the theoretical 
value at 5.5 to 6.0 cu ft CH4/lb COD removed. 
Methane production rates without micronutrients 
was typically around 60% of the theoretical value. 
Sludge flocculation characteristics were not as 
good with micronutrients. Macronutrients (N and 
P) were always present in excess of biological 
requirements. (See also W89-02006) (Lantz-PTT) 
W89-02072 


ANAEROBIC TREATMENT OF 
WASTEWATER, 


DAIRY 


ADI Ltd., Fredericton (New Brunswick). 

R. C. Landine, G. J. Brown, A. L. Steeves, W. A. 
Bough, and E. Bybee. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 701-705, 2 fig, 5 tab, 1 ref. 


Descriptors: *Anaerobic digestion, *Dairy indus- 
try, *Wastewater treatment, *Food-processing 
wastes, Industrial wastewater, Biogas, Odors, 
Methane, Sulfur, Chemical oxygen demand. 


In 1984 Mid-American Dairymen was faced with a 
need to upgrade the waste treatment facilities at its 
processing plant located in Monett, Missouri. The 
plan manufactures a variety of whey and several 
types of cheese. Mid-America Dairymen own a 
number of dairies, and this particular operation is 
considered to have the most difficult wastewater of 
the group of plants. The first treatment system and 
its later additions, were unable to completely re- 
solve problems of odors emitted from the trickling 
filter system. New property located one-half mile 
away was purchased in March 1984. Construction 
of facilities began at the new site in mi-1984; the 
facilities consisted of a biotower, solids-contact 
clarifier, two sludge digestion basins and sludge 
decant tank equipped for lime addition. In early 
1985, ADI International was commissioned by 
Mid-America Dairymen to carry out an onsite 
pilot study using the ADI-BVF low-rate technolo- 
gy. At the same time, ADI was retained to carry 
out detailed design. Upon completion of design in 
May 1985, the results of the pilot study confirmed 
that the process should work satisfactorily. The 
new aerobic plant was ready for start-up in April 
1985, while construction of the ADI-BVF system 
commenced in June 1985. During the first week of 
operation, the reactor received raw wastewater for 
two hours/day (about 25,000 gal) with the remain- 
ing flow going to the trickling filter plant. During 
this start-up period, increasing amounts of waste 
aerobic sludge were pumped to the reactor, rather 
than to the aerobic digesters. In Mary 1987 the 
daily biogas production averaged 105,000 cu ft at 
61% methane. The specific generation rate was 5.3 
cu ft/lb COD destroyed. THe H2S concentration 
in the biogas is rather high running at 0.5 to 1.5% 
as a result of high concentration of sulfur in the 
wastewater. Calculations revealed 120 lb of H2S in 
the biogas, 225 Ib H2S dissolved in the effluent, an 
estimated 50 Ib in proteins and other biopolymers, 
and an estimated 65 Ib of elemental sulfur plated 
out on the biotower media and clarifier walls or in 
the form of metal sulfides. (See also W89-02006) 
(Lantz-PTT) 

W89-02073 


START-UP AND OPERATION OF AN ANAER- 
OBIC FACILITY FOR PRETREATMENT OF 
CORN-ETHANOL WASTEWATER, 

Biothane Corp., Camden, NJ. 

J. Lanting, and R. L. Gross. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 707-715, 6 fig, 5 tab, 2 ref. 


Descriptors: *Anaerobic digestion, *Wastewater 
facilities, *Corn, *Ethanol, *Wastewater treatment, 
Sludge, Chemical oxygen demand, Biological 
oxygen demand, Pretreatment of wastewater, 
Costs. 


Based on 10 months of operating experience with a 
wastewater treatment plant at South Point Etha- 
nol, a corn ethanol producer, the following was 
concluded: (1) In a design for an anaerobic digester 
system for pretreatment of corn-ethanol 
wastewater, one should account for the possibility 
of foaming, an apparent intrinsic property of this 
type of wastewater; (2) The addition of substantial 
equalization volume proved beneficial to the per- 
formance of the pretreatment system; (3) The 
BIOTHANE (an upflow anaerobic sludge blanket 
reactor) system handled loadings up to twice the 
design volumetric loading of 10 kg COD/ cu m/ 
day while maintaining treatment efficiencies in the 
range of 90 to 95% SCOD removal; (4) The com- 
bination of an anaerobic BIOTHANE system fol- 





lowed by an aerobic trickling filter has provided 
excellent treatment for the wastewater from South 
Point Ethanol. Overall SCOD removals are about 
97% and the soluble BOD removals are better than 
99.5%; and (5) It appears that anaerobic pretreat- 
ment of this type of waste in a system of this size 
can be justified from a purely economic standpoint, 
when municipal surcharges exceed the equivalent 
of 11 cents/kg SCOD. (See also W89-02006) 
(Lantz-PTT) 

W89-02074 


HIGH-RATE ANAEROBIC WASTE TREAT- 
MENT - HOW HIGH, 

Badger Engineers, Inc., Cambridge, MA. 

A. M. Sobkowicz. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 717-726, 11 fig, 4 tab, 13 ref. 


Descriptors: *Wastewater treatment, *Anaerobic 
digestion, *Upflow anaerobic sludge blanket, Flu- 
idized bed upflow, Fixed bed filtration, Contact 
membrane processes, Pilot plants, Performance 
evaluation. 


Information on the loading performance of full- 
scale commercial anaerobic systems is presented 
and compared with data published from pilot test- 
ing, in order to evaluate the extent to which the 
potential of the process to provide economical 
waste treatment has or has not been realized. The 
following high-rate anaerobic processes are dis- 
cussed: upflow anaerobic sludge blanket (UASB), 
fluidized bed upflow, fixed bed filters-upflow and 
downflow, and contact-membrane process. The 
various investigators who have tested high rate 
anaerobic systems on the pilot scale have found 
that rates of up to 45 kg/cu m/day can be achieved 
on high strength wastes without dramatic reduc- 
tion in system performance. Most of the full-scale 
systems that are currently operating are working in 
the range of 6 to 19 kg/cu m/day. The operators 
of these systems generally consider that the caj 

bility of the full-scale systems to handle higher 
loadings is untested, either because no additional 
waste is available to provide an extended period at 
higher loading, or because other constraints 
vent higher loadings on the anaerobic process. See 
also W89-02006) (Lantz-PTT) 

W89-02075 


EFFECTS OF ENVIRONMENTAL FACTORS 
at ACID-PHASE DIGESTION OF SEWAGE 


Institute of Gas Technology, Cin. IL. 
. P. Henry, A. Sajjad, and §. Ghosh. 

IN: Proceedings 0 

ference. Purdue University, West Lafayette, Indi- 

ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 

sea, Michigan. 1988. p 727-737, 2 fig, 10 tab, 9 ref. 

EPA Contract CR-809982-01-1. 


the 42nd Industrial Waste Con- 


Descriptors: *Wastewater treatment, *Sludge di- 
gestion, *Acid-phase digestion, Hydroiysis, Hydro- 
en ion concentration, Temperature, Acidification, 
iological treatment, Thermophilic bacteria, Mi- 
crobiological studies, Bacteria. 


Anaerobic digestion of a particulate substrate, such 
as sewage sludge, consists of several separate fer- 
mentation steps that progressively degrade the sub- 
strate components to simpler intermediates and 
end-products. Each of these steps is mediated by 
distinct groups of bacteria. Particulate substrates 
are first hydrolyzed to monomers and then further 
reduced to volatile and nonvolatile fatty acids and 
other soluble intermediates, carbon dioxide, and 
hydrogen by acetogenic bacteria. The final step 
consists of conversion of acetate and carbon diox- 
ide and hydrogen to methane by methanogenic 
bacteria. Feed hydrolysis and liquefaction efficien- 
cies generally increased with culture pH and tem- 
perature, but were not significantly affected by 
retention time. Culture pH and the greatest impact 
on organic reductions, which were 14% to 23% 
higher in cultures operated at pH 7 than at pH S. 
Carbohydrates reductions were influenced more 
strongly by pH than were lipids or crude protein 
reductions. Culture temperature influenced carbo- 
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hydrate and crude protein reductions, but had no 
significant effect on lipid reductions. Gasification 
efficiencies were also influenced strongly by cul- 
ture pH and temperature, but only slightly by 
retention time. Methanogenesis was retarded under 
acidic pH or thermophilic conditions. Acidification 
efficiencies were most strongly influenced by cul- 
ture temperature and least by culture hydraulic 
retention time (HRT). Acid-phase digestion of par- 
ticulate substrates was optimized in thermophilic 
cultures operated at near neutral pH and at HRT’s 
of 2 days or less. (See also W89-02006) (Lantz- 


PTT) 
W89-02076 


TOXICITY OF SULFIDES TO THE ANAERO- 
BIC TREATMENT PROCESS, 

Manitoba Univ., Winnipeg. Dept. of Civil Engi- 
neering. 

B. L. Hilton, and J. A. Oleszkiewicz. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 739-747, 9 fig, 12 ref. 


Descriptors: *Toxicity, *Sulfides, *Anaerobic di- 
gestion, *Wastewater treatment, Lactose, Methan- 
ogenesis, Suspended solids, Cell growth, Hydro- 
gen ion concentration, Retention time, Sulfates, 
Methane bacteria. 


A series of batch experiments was performed in 
100 ml glass syringes incubated in a water bath at 
35 C to test the effects of sulfides and unionized 
H2S upon three aspects of anaerobic digestion: 
lactose utilization, acetate uptake and methanogen- 
esis, and sulfate reduction. The rate of lactose 
utilization decreases with increasing concentrations 
of unionized H2S. When acetate is the carbon 
source, cell growth as measured by volatile sus- 
pended solids decreased with increased concentra- 
tions of sulfides, regardless of pH. Therefore, the 
growth of cells is inhibited by the of 
sulfides as well as unionized H2S. Mi i 
and acetate uptake were inhibited by increased 
concentrations of sulfides, regardless of pH. How- 
ever, given sufficient time (increased retention 
time) at increased pH values, acetate uptake and 
methane production proceeded to com 
This suggests that longer retention times (SRT or 
HRT) as well as elevation of pH may be used to 
maximize production under itions of 
high sulfide ber anoying Sulfate reduction is 
inhibited in total sulfide concen- 
tration, p act tahibition, a eho than H2S toxici- 
ty. It Fn por sab rae that sulfate reduction com- 
—_ ceased at 1100 mg S(2-)/l. The methano- 
= bacteria are more sensitive to —— H2S 
the lactose utilizing bacteria. Elevated con- 
gen of sulfides in anaerobic reactors treat- 
high sulfate concentrations were shown to 
af ect lactose utilization, sulfate reduction, and 
methanogenesis. (See also W89-02006) (Lantz- 


PTT) 
W89-02077 


Ftp ap TREATMENT OF TANNERY 


ASTEWATER, 

Suzhou Inst. of Urban Construction and Environ- 
mental Protection (China). 

H. Yong. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 749-755, 12 fig, 2 tab, 6 ref. 


Descriptors: *Anaerobic digestion, *Wastewater 
treatment, *Tannery wastes, Industrial wastewater, 
Chemical oxygen demand, Load distribution, 
Mathematical studies, Kinetics, Retention time, 
Performance evaluation. 


The feasiblity of treating tannery wastewater with 
the anaerobic process was demonstrated. Using an 
influent COD of 8450 to 8600 mg/l and a volumet- 
ric loading of 1.2 to 2.9 kg COD/cu m/day, a 
COD removal of 60 to 70% could be obtained; 
under an influent COD of 2400 mg/I and a volu- 
metric loading of 0.22 to 0.5 kg COD/cu m/day, 
the effluent COD was only 720 to 1270 mg/I. 
Generally, anaerobic treatment of tannery 


wastewater follows the rule of first-order reaction 
kinetics, K = 0.0000283. The key for improving 
the efficiency of treatment is to maintain a large 
amount of activated anaerobic sludge. It is desira- 
ble to increase the volumetric loading by means of 
applying a higher concentration of influent COD 
and retaining sufficient hydraulic retention time. 
Two to three days is suitable. It is suggested that 
the F/M ratio should be used as a parameter for 
process design and operation. (See also W89- 
62006) (Lantz-PTT) 
W89-02078 


ANAEROBIC PRETREATMENT OF HIGH 
STRENGTH WASTEWATERS USING A REAC- 
TIVE GROWTH SUPPORT MEDIA, 

Transfield, Inc., Irvine, CA. 

M. C. Goronszy, and W. W. Eckenfelder. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 757-765, 3 fig, 5 tab, 8 ref. 


Descriptors: *Anaerobic digestion, *Wastewater 
treatment, *Growth media, Alkalinity, Retention 
time, Chemical oxygen demand, Biomass, Volatile 
acids, Load distribution. 


A high density particulate alkalinity sensitive 
media can be used in an anaerobic reactor to 
provide high active mass retention and availability 
which enables operation at reduced hydraulic re- 
tention times. This investigation showed that 
around 70% reduction in COD of a synthetic 
potato wastewater could be obtained at equivalent 
volumetric loadings of around 3 kg COD/cu m/ 
day with hydraulic retention of about 20 hours. 
The investigation also showed that biomass settle- 
ment properties were enhanced as a consequence 
of the high density reactive support — media. 
For this operating condition, growth media usage 
was determined at around 1.4 g CaCO3/g COD 
reduced. The use of alkalinity sensitive growth 
media ensured a favorable volatile acid concentra- 
tion (VFA)/alkalinity ratio at all times. This fea- 
ture can be used to significantly minimize the 
impact of short term load fluctuations which can 
be detrimental to the long-term stability of anaero- 
bic systems. The feasibility of operating an anaero- 
proces whens Wen penton yes anv ter mp 
manner to cyc! ly Operated activa 8 
tems, was established. (See also w49-02006) 
(Lantz-PTT) 

W89-02079 


CHARACTERIZATION, DEVELOPMENT AND 

USE OF NEW BREED OF ANION-EXCHANGE 
RESINS FOR SELECTIVE REMOVAL OF 
CR(VI) AND OTHER TOXIC ANIONS, 

Lehigh Univ., Bethlehem, PA. Dept. of Civil En- 


gineering. f 
A. K. Sengupta, T. Roy, D. Clifford, and S. 
Subramonian. 


IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West ot Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 793-801, 10 fig, 1 tab, 8 ref. 


Descriptors: *Toxic wastes, *Anion exchange, 
*Resins, *Chromium, ‘Toxicity, *Wastewater 
treatment, Anions, Polystyrene, Hydrogen ion 
concentration, Chlorides, Arsenic, Nitrites, Seleni- 
um, Organic compounds. 


Chromate ion exchange was studied for treatment 
of toxic wastewater in the presence of competing 
ions. Experimental results with commercially 
available anion-exchange resins indicate that those 
with more hydrophobic polystyrene matrix and an 
amine-functionality with a high steric hindrance 
property exhibit greater chromate selectivity in the 
presence of competing sulfate ions. At alkaline pH, 
on the other hand, an increased divinylbenzene 
crosslinking greatly improves the chromate selec- 
tivity. Based on these findings and proper scientific 
analysis of the experimental data, new resins have 
been synthesized with only minor modifications of 
some of the key properties of the commercial 
anion-exchange resins. Com; to the best avail- 
able commercial products, t new resins greatly 
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improve the performance of the chromate-ex- 
change process. However, identifying the best 
anion-exchange resin, for a given contaminant re- 
moval process, is greatly dependent on the nature 
and concentration of the competing ions and effi- 
ciency of regeneration. The choice of the best 
anion-exchange resin for Cr(VI) removal may be 
different when chloride is the major competing 
anion instead of sulfate. Characterizing and modi- 
fying important properties of anion-resins for 
better performance are not limited to only chro- 
mate ion exchange; similar approaches can also be 
made for selective removal of other contaminants, 
such as As(V), NO3(-), Se(VI), organo-arsenic 
compounds. (See also W89-02006) (Lantz-PTT) 
W89-02084 


IS THERE A ROLE FOR LIQUID ION EX- 
CHANGE IN THE RECOVERY OF CHROMI- 
UM FROM PLATING WASTEWATER, 
Michigan State Univ., East Lansing. Dept. of Civil 
and Environmental Engineering. 

M. L. Davis, M. Chang, D. Copedge, and M. 
Strong. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 803-807, 6 fig, 2 tab, 13 ref. 


Descriptors: *Ion exchange, *Chromium, *Metal- 
finishing wastes, *Wastewater treatment, Hydro- 
gen ion concentration, Mixing, Stripping, Kero- 
sene, Settling, Sodium hydroxide. 


The mechanism by which liquid ion exchange re- 
moves chromium from solution is similar to con- 
ventional resin ion exchange. Ions are transferred 
from the wastewater in exchange for transferable 
ions carried by the liquid ion exchange reagent. 
The liquid ion exchange reagent (extractant) is 
insoluble in water. The extractant is diluted with a 
carrier hydrocarbon solvent such as xylene or ker- 
osene. The minimum parameters required for 
design of the liquid ion exchange process are: (1) 
optimum pH; (2) wastewater/extractant ratio; (3) 
mixing time; (4) mixing intensity; (5) settling time; 
(6) overflow rate; and (7) stripping solution/ex- 
tractant ratio. Other factors of interest are chrome 
recovery efficiency, phase separation efficiency, 
extractant recovery (solvent loss) and sludge gen- 
eration rates. The optimum pH, mixing time, set- 
tling time and stripping/extractant ratio have been 
determined, Work on the other parameters is still 
in progress, The pH was varied from | to 4. The 
experiment was repeated with sulfuric and hydro- 
chloric acid. Both yielded the same result. A pH of 
2 was selected as the design pH based on the 
extraction efficiency and the acid consumption. 
For the very high mixing speeds used in these 
initial studies (2,500 rpm), the optimum mixing 
time was found to be 2 minutes. The high mixing 
Ss was selected by visual observation, i.e. when 
the extractant appeared to be well dispersed in the 
wastewater. Chrome rich solvent was mixed with 
4N sodium hydroxide to strip the chrome from the 
solvent. Using a typical wastewater rinse bath flow 
of 30 gpm and the results from the experiments, the 
authors developed the following conceptual 
design: mixer - 60 di settler - 900 gal, stripper - 5 
gal, settler - 15 gal. In addition, storage tanks for 
equalization and reagents would be required. Since 
the raffinate pH will be low, a neutralization step is 
required to allow the water to be discharged to a 
municipal sewer system. This study indicates that 
liquid ion exchange is a viable chromium recovery 
technique. (See also W89-02006) (Lantz-PTT) 
W89-02085 


COMPARATIVE EVALUATION OF HEAVY 
METAL IMMOBILIZATION USING HYDROX- 
IDE AND XANTHATE PRECIPITATION, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. 

R. M. Bricka, and M. J. Cullinane. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 809-818, 7 fig, 3 tab, 9 ref. 


Descriptors: *Heavy metals, *Wastewater treat- 
ment, *Hydroxides, *Xanthates, *Chemical pre- 


cipitation, Cadmium, Nickel, Solidification, Mer- 
cury, Leaching, Solute transport, Chemical treat- 
ment. 


The U.S. EPA estimates that there are over 13,000 
generators of metal plating and finishing 
wastewaters. Treatment of these wastewaters, usu- 
ally accomplished using some form of hydroxide 
precipitation, is estimated to generate approximate- 
ly 11 million metric tons/yr of sludge requiring 
special handling and disposal. An alternative treat- 
ment method, developed by the U.S. Department 
of Agriculture, uses insoluble starch xanthates for 
the removal of heavy metals from wastewaters. 
Closer investigation reveals that an entire family of 
insoluble xanthates can potentially be used for 
waste treatment. Hydroxide precipitation is gener- 
ally effective in a pH range of 9 to 12. Xanthate 
precipitation is effective for a pH range of 3 to 12. 
A previous study showed that xanthates selectively 
remove metals according to the following hierar- 
chy: Na << Ca-Mg-Mn < Zn < Ni < Cd < Pb- 
Cu-Hg. Thus, xanthate precipitation methods 
offers several advantages over hydroxide precipita- 
tion. Unfortunately xanthate precipitation, like hy- 
droxide precipitation, produces significant quanti- 
ties of sludges that must be handled in accordance 
with the Resource Conservation and Recovery 
Act (RCRA). Of the heavy metals found in xan- 
thate precipitated sludges, only Cd and Ni, for the 
unsolidified cellulose, showed tendency to leach. 
Solidification in most cases appeared to reduce the 
leachability of the heavy metals. Only Hg for the 
hydroxide sludges had increase in mobility upon 
solidification. Unlike the extraction procedure test, 
the serial graded batch extraction procedure is 
useful in determining the leaching potential of 
heavy metals from sludges. (See also W89-02006) 
(Lantz-PTT) 

W89-02086 


DEVELOPMENT OF DESIGN CRITERIA FOR 
TREATMENT OF METAL-CONTAINING 
WASTEWATERS AT OAK RIDGE NATIONAL 
LABORATORY, 

Engineering-Science, Fairfax, VA. 

G. C. Patrick, M. R. Hockenbury, W. T. 
Thompson, and J. M. Begavich. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987, Lewis Publishers, Inc., Chel- 
sea, Michigan, 1988. p 819-830, 10 fig, 8 tab, 4 ref. 


Descriptors; *Design criteria, *Heavy metals, 
*Wastewater treatment, *Oak Ridge National Lab- 
oratory, Hydrogen ion concentration, Alkalinity, 
Lime, Sodium borohydride, Cadmium, Chromium, 
Copper, Nickel, Zinc, Sulfides, Flocculation, 
Chemical treatment, Clarification, Filtration, Per- 
formance evaluation, Pilot plants. 


Bench scale treatability tests were performed to 
evaluate several metal removal processes. The tests 
showed that hydroxide precipitation at alkaline pH 
values (10.0 and above) using either lime or caustic 
achieved excellent removal of heavy metals. At a 
pH value of 10, the soluble metal concentrations 
measured for Cd, Cr, Cu, Ni and Zn were < 100 
micrograms/l. Adding sodium borohydride to the 
precipitation reaction reduced the soluble metals 
concentration below the concentration measured 
for precipitation using either lime or caustic. 
Adding soda ash in combination with lime was 
shown to increase the soluble metals concentration 
as compared to precipitation using only lime. Fi- 
nally, employing sulfide precipitation at the neutral 
pH values (7.6 to 10) appeared to be beneficial 
with respect to soluble metal concentration com- 
pared to hydroxide precipitation at neutral pH 
values. Batch settling and dewatering tests were 
performed to compare precipitation using caustic 
and lime. The floc formed by either lime addition 
and caustic addition settled readily. However, pre- 
cipitation using lime generated considerably more 
sludge than precipitation using caustic. Both pre- 
cipitation processes were tested by a 1.0 gpm con- 
tinuous-flow pilot plant. The pilot plant employed 
pH adjustment, clarification and filtration. The ef- 
fluent produced using either lime or caustic aver- 
aged < 50 micrograms/I| for each metal analyzed 
(Cd, Cr, Cu, Ni, Pb and Zn). The pilot plant tests 
showed that filtration was necessary to achieve the 
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low metals concentration. (See also W89-02006) 
(Lantz-PTT) 
W89-02087 


PRECIPITATION TREATMENT OF SPENT 
ELECTROLESS NICKEL PLATING BATHS, 
Occidental Chemical Corp., Grand Island, NY. 
Grand Island Technology Center. 

W. C. Ying, R. R. Bonk, and M. E. Tucker. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 831-846, 4 fig, 11 tab, 24 ref. 


Descriptors: *Wastewater treatment, *Chemical 
precipitation, *Nickel, *Metal-finishing wastes, In- 
dustrial wastes, Ammonium citrate, Hydrogen ion 
concentration, Sodium borohydride, Chemical 
treatment, Metal complexes. 


Nickel removal by precipitation as Ni(OH)2, Ni(0), 
and NiB2 was interfered with by the presence of 
organic acids which form stable nickel complexes. 
Ammonium citrate was the most powerful com- 
plexing agent employed in the six hypophosphite- 
reduced electroless nickel plating (EN) baths. pH 
adjustment using caustic soda was ineffective in 
removing Ni(II) from spent EN baths containing 
citrates. At pH = 10, hydroxide precipitation was 
unable to substantially lower the Ni(II) concentra- 
tion from En baths containing either malic acid or 
aminoacetic acid. Nickel-aminoacetic acid com- 
plexes remained stable at pH = 12. Ni(II) was 
removed from all test solutions, as Ni(0) or NiB2, 
by reaction with sodium borohydride. In the pre- 
cipitation treatment of EN baths, BH4(-) served 
both as a primary reducing agent and as a catalyst 
which initiated reduction by hypophosphite, as 
evidenced by the fact that the required dosage was 
less than the stoichiometric method. Pretreatment, 
such as adding CaCl2 or Ca(OH)2, to tie up a 
major portion of the complexing or to precipitate 
most of the phosphite improved removal of nickel 
by either pH adjustment and/or chemical reduc- 
tion. As expected, the spent EN batch containing 
lactic acid (EN-1) was easy to treat, even with an 
initial Ni(II) concentration as high as 18500 mg/. 
Both precipitation methods were successful in re- 
ducing Nid to < 1 mg/l. Less sodium borohy- 
dride would be required with pretreatment by p 
adjustment to 7.6 or above, Borohydride treatment 
was more expensive in chemical cost; however, 
sludge disposal cost would be lower. Substantial 
credit may even be realized if nickel precipitate is 
dissolved in H2SO4 or HC! and then reused in the 
EN baths. (See also W89-02006) (Lantz-PTT) 
W89-02088 


NICKEL METAL RECOVERY FROM METAL 
FINISHING INDUSTRY WASTES, 

Recycle Metals, Glastonbury, CT. 

C. S. Brooks. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 847-852, 1 fig, 5 tab, 9 ref. 


Descriptors: *Nickel, *Metal-finishing wastes, *In- 
dustrial wastewater, “Wastewater treatment, 
Chemical treatment, Copper, Nickel, Zinc, Hydro- 
en ion concentration, Chemical precipitation, Sul- 
idation, Feasibility studies. 


A flexible separation scheme for efficient recovery 
of nickel from diverse metal waste systems has 
been devised, using nickel precipitation augmented 
by ion exchange. Initial removal of the bulk of 
copper, iron and zinc contaminants at low pH is 
conducted by solvent extraction. Removal of the 
bulk of organic complexing agents and conversion 
of Cr(3+) to Cr(6+) by autocatalysis augmented 
by addition of inorganic oxidants (H202, NaClO3 
or (NH4)2S208) enhances the efficiency of the 
nickel separation. A final sulfidation reduces the 
residual metals to concentrations compatible with 
state and EPA standards for water effluents. These 
bench scale results demonstrate the feasibility of a 
flexible separation scheme for efficient recovery of 
nickel from diverse metal waste systems, using 





nickel oxalate precipitation augmented by ion ex- 
change. (See also W89-02006) (Lantz-PTT) 
W89-02089 


TOXICITY STUDIES OF COMBINED METAL 
FINISHING/MUNICIPAL WASTEWATERS, 
Northeastern Univ., Boston, MA. Dept. of Civil 
Engineering. 

F. C. Blanc, J. C. O’Shaughnessy, D. Walker, and 
S. Miller. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 853-862, 9 fig, 4 tab, 5 ref. 


Descriptors: *Toxicity, *Metal-finishing wastes, 
*Municipal wastewater, *Wastewater treatment, 
Temperature, Industrial wastewater, Biodegrada- 
tion, Activated sludge processes, Biological 
oxygen demand, Chemical oxygen demand, Pub- 
licly operated treatment works, Chromium, Sus- 
pended solids, Mixed liquor suspended solids, 
Volatile solids, Biomass. 


Four three-liter batch activated sludge reactors 
were used to evaluate the potential impact of a 
pretreated metal finishing wastewater on a munici- 
pal publicly operated treatment work (POTW). 
The industrial wastewater used was pretreated ef- 
fluent from the metal finishing company. The in- 
dustrial waste use in this study consisted of com- 
posite samples collected over the operating day. 
The domestic wastewaters were grab raw influent 
samples collected at the POTW. Domestic 
wastewater samples were kept at 4 C prior to 
addition to the laboratory treatability units. The 
industrial wastewaters were kept at 20 C, as 
wastewater biodegradation was not a problem with 
the industrial wastewater. From all the data col- 
lected in this 8 week treatability study, the industri- 
al wastewater addition did not appear to inhibit the 
activated sludge reactor performance or produce 
any detrimental effect on the biological process. 
The metal finishing wastewater would provide 
some additional buffering capacity to the municipal 
metal finishing wastewater mix. There would be 
no measurable change in effluent BOD concentra- 
tions if the combined municipal metal finishing 
wastewater were treated at the POTW. A slight 
increase in effluent COD concentration would be 
possible. The results did indicate that the addition 
of industrial wastewater would cause additional 
bioaccumulation of copper in the biological sludge. 
Data from the shock loading study indicate that 
spikes of up to 50 mg/l of avant chromium 
id not affect organic removal > away when 
assessed 24 hours after dosing. Mixed liquor vola- 
tile suspended solids levels suggest that the treated 
metal plating effluent may have imparted the bio- 
mass with resistance to more subtle indications of 
chromium toxicity. Biomass fluctuations have been 
used by other authors as indicators of toxicity. (See 
also W89-02006) (Lantz-PTT) 
W89-02090 


WASTEWATER MANAGEMENT IN SEMI- 
CONDUCTING ELECTRONIC CRYSTAL MAN- 
UFACTURING FACILITIES, 

Brown and Caldwell, Pleasant Hill, CA. 

J. M. Wong. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 863-872, 5 fig, 5 tab, 8 ref. 


Descriptors: *Wastewater management, 
*Wastewater treatment, *Electronics industry, *In- 
dustrial wastewater, Chemical wastewater, Costs, 
Economic aspects, Toxicity, Organic compounds, 
Arsenic, Fluoride, Suspended solids, Hydrogen ion 
concentration, Biological oxygen demand, Chemi- 
cal oxygen demand, Nitrate, Ammonia, Chromi- 
um. 


Wastewater management is a significant activity in 
electronic crystal manufacturing plants because of 
the large amount of chemicals and water required. 
The source, significance, treatment, and control 
technology for each pollutant found in electronic 
crystals manufacturing wastewaters are discussed. 
These include total toxic organics, arsenic, fluo- 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Waste Treatment Processes—Group 5D 


ride, total suspended solids, pH, BOD/COD, ni- 
trate, ammonia, and chromium. In the plant de- 
scribed in the case study, the unit cost of 
wastewater treatment and disposal was estimated 
to be $3.20/1000 gallons, which was 3 to 4 times 
the water purchase cost. Smaller manufacturers 
would pay even higher unit costs because of the 
economy of scale. In light of the high cost in- 
volved, manufacturers should seek to select the 
most cost-effective approach by thorough investi- 
gation of specific conditions at each plant. (See 
also W89-02006) (Lantz-PTT) 

W89-02091 


CONTINUOUS CLOSED LOOP REGENERA- 
TION SYSTEM FOR A CHROMIC/SULFURIC 
ACID ETCHANT BATH, 

CH2M Hill, Inc., Portland, OR. 

D. J. Kavanaugh, and A. R. Boyce. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 873-882, 6 fig, 5 tab, 15 ref. 


Descriptors: *Water reuse, *Recycling, 
*Wastewater treatment, *Chromic acid, *Sulfuric 
acid, *Industrial wastewater, Electronics, Costs, 
Economic aspects, Ions, Feasibility studies. 


The feasibility of closed looping a chromic/sulfu- 
ric acid etch bath for an electroless plating line was 
demonstrated. Operating initially in a batch mode 
with 3 cells on line yielded data regarding the 
capacity and efficiency of the regeneration system. 
The decline in Cr(3+) concentration can be evalu- 
ated against the 2:1 stoichiometric increase in 
CrO3. The effect of Cr(3+) and CrO3 concentra- 
tion on conversion efficiency is also evident. Con- 
version efficiency drops sharply when the Cr(3+) 
concentration dropped below approximately 2 0z/ 
gal (15 g/l). It was observed that after several days 
of operation in a batch mode that the lead anodes, 
initially 100%-Pb, dissolved into solution forming 
a yellow precipitant of lead chromate. This is 
attributed to the increase in hydrogen ion concen- 
tration in the anolyte when operating in a batch 
mode. When regenerating in continuous mode hy- 
drogen ion increase in electrolytic cell is bal- 
anced by depletion of hydrogen ions in the etch 
bath. The system has now operated in a continuous 
model, relatively maintenance free, for 1-1/2 years. 
The cost for chromic acid is relatively ex; ive, 
approximately $1.40/lb, The impetus to 
move away from chromic acid etchants to less 
effective oxidizers such as permanganate and sulfu- 
ric/peroxide. However, close looping a chromic 
acid etch process by electrolytic regeneration, as 
presented, makes continued use of chromic acid 
etchants feasible and economically attractive. (See 
also W89-02006) (Lantz-PTT) 

W89-02092 


GM-IX PROCESS: A NOVEL METAL CYA- 
NIDE TREATMENT AND RECOVERY TECH- 
NIQUE, 

Minnesota Univ., Minneapolis. Dept. of Civil and 
Mining Engineering. 

M. J. Semmens, C. F. Kenfield, R. Qin, and E. L. 
Cussler. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 883-891, 10 fig, 1 tab, 6 ref. 


Descriptors: *Metal-finishing wastes, *Gas mem- 
branes, *Ion exchange, *Cyanide, *Wastewater 
treatment, Zinc, Cadmium, Mass transfer, Chemi- 
cal treatment, Chemical reactions, Prediction, 
Model studies. 


By interfacing a strongly basic anion exchanger 
and gas membrane module an effective and effi- 
cient means of separating and recovering pure 
cyanide from dilute cyanide plating wastes has 
been developed. The process will work effectively 
for weak metal cyanide complexes such as zinc and 
cadmium complexes. Preliminary bench scale tests 
of the Gm-IX process indicate that the process 
performance may be predicted on the basis of the 
mass transfer data presented in this paper. (See also 
W89-02006) (Lantz-PTT) 


W89-02093 


TWO-STAGE BIOLOGICAL/CHEMICAL 
TREATMENT OF HAZARDOUS WASTE 
LANDFILL LEACHATE, 

Technische Univ., Brunswick (Germany, F.R.). 

H. Albers, and R. Kayser. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 893-906, 12 fig, 5 tab, 12 ref. 


Descriptors: *Biological treatment wastewater, 
*Wastewater treatment, *Chemical treatment, 
*Hazardous wastes, *Landfills, *Leachates, *West 
Germany, Cleanup operations, Lime, Water pollu- 
tion prevention, Biodegradation, Organic matter, 
Activated sludge process, Chemical oxygen 
demand, Biological oxygen demand, Nitrification. 


Since the 1972 Waste Disposal Act the number of 
landfills in West Germany has decreased from 
about 50,000 to 3,118 in 1984. Among these are 385 
sanitary landfills and nearly 100 sites for industrial 
or ‘special’ wastes. Both types of landfills have to 
be equipped with a bottom liner and leachate col- 
lection system is recommended. The leachates are 
to be treated before discharge to receiving waters. 
These leachates contained a great deal of biode- 
gradable organic matter which was removed by 
activated sludge plants with good efficiency 
(COD: 80 to 90%, BOD effluents < 25 mg/l). 
Very low loadings had to be applied. Some prob- 
lems occurred with poor activated sludge settling 
characteristics. Biological nitrification of the high 
ammonical nitrogen contents proved to be a very 
sensitive process with low reaction rates mainly 
due to the high salt concentrations and some inhib- 
itory factors. Chemical oxidation with hydrogen 
peroxide was able to break down parts of the COD 
still present in the effluents and make them biode- 
gradable, but probably not to such an extent that 
no further post-treatment steps are needed to meet 
discharge limiting values. (See also W89-02006) 
(Lantz.PTT) 

W89-02094 


MANGANESE TREATMENT BY TWO NOVEL 
COAL STRIP 


Tennessee Technological Univ., Cookeville, 
Center for the Management, Utilization and Pro- 
tection of Water Resources. 

J. A. Gordon, and J. L. Burr. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 907-918, 5 tab, 27 ref. 


Descriptors: *Biological wastewater treatment, 
*Manganese, ‘*Wastewater treatment, *Mine 
wastes, ‘*Alabama, ‘Oxidation, *Wetlands, 
Sodium, Potassium, Sulfates, Chemical treatment, 
Calcium, Magnesium, Iron, Hydrogen ion concen- 
tration, Temperature, Sulfur bacteria, Seepage. 


The owner/operator of a mining area or reclaimed 
mine site needed a manganese treatment system 
that is low in initial cost, requires minimal mainte- 
nance, and can operate without electrical power 
for an indefinite time into the future. Two possibili- 
ties for this application are described: manganese 
oxidation by a packed column system and manga- 
nese removal by wetlands. Columns packed with 
stones from the Duck River below Normandy 
Dam showed the ability to oxidize and remove 
dissolved Mn from a seep emanating from a re- 
claimed strip mine area. columns were operat- 
ed in a submerged, upflow manner. The pH of the 
influent ranged from 5.8 to 6.3 and the temperature 
ranged from 20 C to 30 C. Effluent concentrations 
below 2.0 mg/1 of Mn were possible at reasonable 
hydraulic loading rates. The capability of remov- 
ing soluble Mn was transferred from the Duck 
River stones to glass marbles and native Alabama 
sandstone by acclimation procedures. Approxi- 
mately 8 weeks were needed to produce a good 
Mn oxidizing slime on the new media. Packed 
column systems appear to have good potential for 
treating Mn-laden waters if pH is above 5.5 and Fe 
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can be removed prior to Mn removal. Wetlands 
are effective in removing Fe, Mn, Al, Ca, Mg and 
SO4 as well as increasing pH. Specific conductivi- 
ty is also decreased by the wetlands system. Al is 
removed by the limestone berm as Al(OH)3 pre- 
cipitate. Fe is chemically oxidized by O2 at pH 
values > 5.5 and the precipitate is removed by the 
wetlands. Mn is removed by plant uptake and 
bacteriological oxidation. Ca is removed by marl 
formation. SO4(2-) is removed by bacterial sulfate 
reduction to H2S and the H2S is then removed by 
Beggiatoa sp. and/or photosynthetic sulfur bacte- 
ria. Conductivity generally reflect the removal of 
Fe, Mn, Al, Ca and SO4. Alkalinity increases are 
caused by the limestone dissolution and CO2 pro- 
duction by bacteria. The pH rises in response to 
alkalinity increases and the use of protons to form 
with sulfides to form H2S. (See also W89-02006) 
(Lantz-PTT) 
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TREATMENT OF COAL ASH/MINE REFUSE 
LEACHATE: A CASE HISTORY, 
Gilbert/Commonwealth, Inc., Reading, PA. 

C. R. Kertell, J. F. Wagner, and S. J. Novotny. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 919-926, 3 fig, 1 tab. 


Descriptors: *High density sludge, *Wastewater 
treatment, *Mine wastes, *Coal mines, *Leachates, 
Case studies, Conemaugh, Pennsylvania, Hydro- 
gen ion concentration, Lime, Chemical treatment, 
Sludge, Neutralization. 


Large energy production complexes present 
unique wastewater treatment challenges. The addi- 
tion of large quantities of mine refuse and coal 
preparation wastes to the Conemaugh Station coal 
ash/mine refuse disposal area results in the genera- 
tion of leachate and runoff with a low pH and 
significant iron concentration. Although an accept- 
able effluent can be achieved by the use of conven- 
tional lime neutralization, large quantities of sludge 
are generated which are not readily dewaterable. 
The High Density — (HDS) process was se- 
lected for treatment of the Conemaugh Station ash 
disposal area leachate and runoff. The HDS proc- 
ess was chosen based upon its ability to greatly 
reduce sludge volume without the need for a large 
sludge dewatering operation resulting in reduced 
sludge disposal costs. This process is a modified 
lime neutralization process which employs exten- 
sive sludge recirculation to produce a dense 
sludge, containing 20 to 30% solids by weight, 
from the thickener. (See also W89-02006) (Lantz- 


PTT) 
W89-02096 


HEAVY METALS IN WASTEWATER AND 
SLUDGE TREATMENT PROCESSES. 
VOLUME II: TREATMENT AND DISPOSAL. 
For primary bibliographic entry see Field SE. 
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PRIMARY MECHANICAL TREATMENT, 
Imperial Coll. of Science and Technology, London 
(England). Dept. of Civil Engineering. 

J. N. Lester. 

IN: Heavy Metals in Wastewater and Sludge 
Treatment Processes. Volume II: Treatment and 
Disposal. CRC Press, Inc., Boca Raton, Florida, 
1987. p 1-14, 2 fig, 5 tab, 36 ref. 


Descriptors: *Heavy metals, *Wastewater treat- 
ment, *Primary wastewater treatment, Sedimenta- 
tion, Phosphorus removal, Flocculation, Lead, 
Copper, Zinc, Chromium, Chemical oxygen 
demand, Suspended solids, Siver, Cobalt, Molyb- 
denum. 


The majority of metals entering a sewage works in 
the raw sewage are concentrated in the sludges, 
but large quantities of heavy metals may also be 
discharged to receiving waters in sewage effluents. 
Primary treatment has traditionally implied a sedi- 
mentation process to remove suspended solids by 
settling under near-quiescent conditions. Sedimen- 
tation may not remove all solids, however, due to 


the minimal settling velocity attributable to either 
the size or specific gravity of some particles. Col- 
loidal particles are considered to have virtually no 
settling velocity. Chemicals may be added to 
remove colloidal solids or for the precipitation of 
phosphorus compounds during primary settling. 
Solids removal during primary sedimentation has 
been correlated with surface-loading rate or over- 
flow velocity, influent solids concentration, and 
the ratio between sedimentation tank diameter and 
height. Influent suspended solids concentrations 
were shown to be more important in controlling 
solids removal than was the surface loading rate, 
due to the effect on influent density and degree of 
flocculation; thus, it was considered that adoption 
of shorter retention times would not cause a signifi- 
cant loss in removal efficiency. Lead, copper, and 
zinc were the metals most readily removed by 
primary sedimentation while nickel was the least 
readily removed. Chromium was also less readily 
removed than most metals. The major subfractions 
present in raw sewage with which heavy metals 
may be associated are surface-bound organic li- 
gands, insoluble salts and inorganic solids, and 
soluble organic ligands. A precise chemical charac- 
terization of each of these would be impossible to 
undertake in such a matrix, but gross indications of 
their distribution may be obtained from measure- 
ments of volatile suspended solids (VSS), nonvola- 
tile suspended solids (NVSS), and soluble COD 
respectively. Silver, cobalt, and molybdenum were 
strongly associated with the VSS fraction, suggest- 
ing that their partition into the solid phase may be 
primarily due to adsorption or complexation by 
organic moieties. The second group of metals con- 
sisting of Cu, Mn, Pb, and Zn were primarily 
associated with the NVSS fraction. It was suggest- 
ed that this may be indicative of their existence in 
the insoluble fraction of raw sewage. (See also 
W89-02104) (Lantz-PTT) 
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BIOLOGICAL TREATMENT, 

Imperial Coll. of Science and Technology, London 
(England). Dept. of Civil Engineering. 

J. N. Lester. 

IN: Heavy Metals in Wastewater and Sludge 
Treatment Processes. Volume II: Treatment and 
Disposal. CRC Press, Inc., Boca Raton, Florida, 
1987. p 15-40, 3 tab, 152 ref. 


Descriptors: *Wastewater treatment, *Biological 
treatment, “Heavy metals, Removal efficiency, 
Physical treatment, Chemical treatment, Biodegra- 
dation, Activated sludge processes, Volatilization, 
Flocculation, Sedimentation. 


Metal removal during biological treatment has 
been extensively studied, although the overwhelm- 
ing majority of results presented are for activated 
sludge plants (laboratory scale, pilot plant, or full 
scale). It is reasonable to assume that the adsorp- 
tion of metals by activated sludge flocs is not 
dissimilar to the process whereby the biological 
film in a percolating filter adsorbs metals. An acti- 
vated sludge system may be divided into two es- 
sential parts: a biological reactor and a phase sepa- 
rator. In the reactor or mixed liquor aerator, large 
populations of microorganisms grown under aero- 
bic conditions oxidize the dissolved or suspended 
organic compounds present in wastewater and 
convert them into carbon dioxide, water, and cel- 
lular material. The bacteria and other microorga- 
nisms form aggregates or flocs. The mixed liquor 
then passes into the phase separator or settling 
tank. The flocs separate out by sedimentation from 
the liquid phase and are returned to the reactor. 
The supernatant (secondary or final effluent), is 
then discharged to a watercourse. Any substance 
which is adsorbed or absorbed by the bacterial 
flocs is removed from the water passing through a 
sewage-treatment plant. A combination of floccu- 
lation and settling is therefore the mechanism by 
which metal removal is achieved in the activated 
sludge process. Any factor affecting the floccula- 
tion or settling properties of a mixed liquor - fir 
example, loading rate, feed composition, mixing 
strength, sludge volume index (SVI) - will also 
affect its capacity to remove metals. Removal effi- 
ciencies, and factors affecting metal removal are 
discussed, such as: (1) physical; (2) chemical; (3) 
mechanisms of metal removal in activated sludge 


(settlement, binding to polymers, accumulation of 
soluble metal by the cell, volatilization); and (4) 
effect of heavy metals on the activated sludge 
process. (See also W89-02104) (Lantz-PTT) 
W89-02106 


SLUDGE TREATMENT, 


Consultants in Environmental Sciences Ltd., 


London (England). 
T. Rudd. 


IN: Heavy Metals in Wastewater and Sludge 
Treatment Processes. Volume II: Treatment and 
Disposal. CRC Press, Inc., Boca Raton, Florida, 
1987. p 41-67, 1 fig, 16 tab, 106 ref. 


Descriptors: *Sludge digestion, *Wastewater treat- 
ment, *Heavy metals, Economic aspects, Waste 
disposal, Sludge thickening, Flotation, Anaerobic 
digestion, Aerobic treatment, Incineration, Sludge 
disposal. 


Wastewater treatment results in a final effluent of a 
suitable quality for discharge to a watercourse and 
the production of a number of sludges, many of 
which require treatment prior to disposal. In the 
U.K., sewage from 80% of the population is treat- 
ed in 7795 works, resulting in an annual production 
of some 30 million tons of wet sludge. The cost of 
treating and disposing of these sludges is consider- 
able; it has been estimated that it may constitute up 
to 50% of the entire cost of wastewater treatment, 
or 200 pounds sterling/annum. Economic con- 
straints thus figure largely in the methods of treat- 
ment and disposal adopted. The treatment methods 
applied to sludge are frequently determined by the 
final disposal option selected. In cases of direct sea 
disposal from coastal works, little treatment is nec- 
essary. Where the works are situated further 
inland, however, reductions in sludge volume may 
be desirable to reduce the cost of transport to 
locations for both sea and land disposal. On aver- 
age, approximately 1% of the total flow entering a 
sewage works is ultimately produced as sludge, 
and since 50 to 80% of the metals contained in the 
raw sewage are removed during treatment, there is 
considerable concentration of metals within the 
sludge. Accumulation factors (expressed as sludge 
metal content over influent metal concentrations) 
have been calculated for metals in waste activated 
sludge at pilot plant scale. Values of between 7 and 
12 were obtained for Ag, Bi, Cd, Cr, Cu, Pb, and 
Zn, indicating significant accumulation. A similar 
American study demonstrated that Cr, Cu, Mn, Ni, 
Pb, and Zn were concentrated over 30 times in 
primary sludge in comparison to the influent metal 
concentration. Options which are available for the 
treatment of sludge include gpg by gravity, 
stirring, or flotation; aerobic or pose Fog treat- 
ment; composting with domestic refuse; oe 
or organic chemical cgay dewaterin 
drying beds, in filter presses, or by vacuum fitre- 
tion or centrifugation; heat drying; incineration in 
multiple hearth or fluidized bed furnaces, and wet 
air oxidation. (See also W89-02104) (Lantz-PTT) 
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WATER TREATMENT AND REUSE, 

Teesside Polytechnic, Middlesbrough (England). 
Dept. of Chemical Engineering. 

For primary bibliographic entry see Field SF. 
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METHODS FOR RECOVERING VIRUSES 
FROM THE ENVIRONMENT. 

For primary bibliographic entry see Field 5A. 
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RECOVERING VIRUSES FROM SEWAGE 
SLUDGES AND FROM SOLIDS IN WATER, 
Health Effects Research Lab., Cincinnati, OH. 
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RECONCENTRATION OF VIRUSES FROM 
PRIMARY ELUATES, 

Baylor Coll. of Medicine, Houston, TX. Dept. of 
Virology and Epidemiology. 





For primary bibliographic entry see Field 5A. 
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INTEGRATED WASTE MANAGEMENT: AN 
INDUSTRIAL PERSPECTIVE, 

Dow Chemical Co., Midland, MI. 
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TRALIZED HAZARDOUS WASTE TREAT- 
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Alberta Univ., Edmonton. Dept. of Civil Engi- 
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PRIMER FOR COMPUTERIZED 
WASTEWATER APPLICATIONS. 

Water Pollution Control Federation, Alexandria, 
VA. Task Force on Computerized Treatment 
Plant Application. 

Manual of Practice No. SM-5. Water Pollution 
psa Federation, Alexandria, Virginia. 1986. 
123p. 


Descriptors: *Wastewater treatment, *Computers, 
*Wastewater management, *Wastewater facilities, 
Management planning, Case studies, Wastewater 
treatment. 


When properly applied, computers are tools that 
increase the productivity and efficiency of a 
wastewater treatment plant. The manual is a 
primer for those who want to learn the value of 
computers, for both management information and 
process control systems. The purpose of the 
manual is to discuss what computers are, what they 
can and cannot do, and how to plan the purchase 
and start-up of a personal computer or a computer 
system. Chapter 2 explains how a computer works 
and describes the basic parts of an operable system. 
Once one has determined what type of computer is 
needed for a specific application, Chapter 3 pro- 
vides general tips on the planning, buying, and 
start-up of a system. The specification of a system 
can be based on this information. Numerous case 
histories are presented in Chapter 4. Cases are 
given for personal computers, programmable con- 
trollers, and large distributed control systems. 
From this chapter one should be able to see how 
problems are solved with computers. the actual 
experience presented in this chapter confirms a 
wide variety of successful computer applications. 
To assist the reader, an appendix is provided and a 
glossary defines most computer terms. The list of 
suggested references provides the reader with ad- 
ditional sources of information. (Lantz-PTT) 
W89-02258 


EVALUATION OF GREASE MANAGEMENT 
ALTERNATIVES FOR ARMY WASTEWATER 
COLLECTION AND TREATMENT SYSTEMS, 
Construction Engineering Research Lab. (Army), 
Champaign, IL. 

J. T. Bandy, R. M. Marlatt, L. E. Lang, C. P. C. 
Poon, and K. Skov. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as AD-A183 743. 
Price codes: A03 in paper copy, AO1 in microfiche. 
USA-CERL Technical Report N-87/15, May 
1987. 44p, 15 tab, 46 ref, 2 append. 


Descriptors: *Wastewater treatment, *Grease, 
*Oil, *Wastewater management, Costs, Biological 
treatment, Chemical treatment, Case studies, Cost- 
benefit analysis. 


This research was conducted to: (1) determine the 
nature and extent of grease and oil problems at 
fixed Army installations, identify the installations’ 
current oil and grease control practices, and evalu- 
ate these methods’ effectiveness and cost; (2) iden- 
tify, from published information, commercially 
available grease and oil control methods (including 
chemical and biological additives) and establish 
their properties and applications; (3) collect and 
evaluate case histories; and (4) provide guidance 
for determining whether use of an alternative 
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method would be cost-effective at military installa- 
tions. A survey determined that over two-thirds of 
the installations responding experienced problems 
with grease and oil accumulation. Over 80% had 
problems at least monthly. Army-wide, thousands 
of dollars are spent each year on grease manage- 
ment. Mechanical cleaning methods are labor-in- 
tensive and provide only a short-term solution; 
chemical cleaners are expensive and can be danger- 
ous to treatment plant workers and the environ- 
ment. Commercially available biological additives 
for grease and oil control are identified and de- 
scribed. In addition, case histories are evaluated. 
Results indicate that the decision to use biological 
additives in controlling oil and grease accumula- 
tion should be made on a case-by-case basis. A 
procedure is proposed for helping installations cal- 
culate grease management costs and determine if 
use of an alternative technology would be cost- 
effective. (Author’s abstract) 

W89-02262 


INTERNATIONAL CONFERENCE ON INNO- 
VATIVE BIOLOGICAL TREATMENT OF 
TOXIC WASTEWATERS. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as AD-A183 936. 
Price codes: A99 in paper copy, AOI in microfiche. 
June 24-26, 1986, Arlington, Virginia. April 1987. 
1705p. Edited by R. J. Scholze, Y. C. Wu, E. D. 
Smith, J. T. Bandy, and J. V. Basilico. 


Descriptors: *Toxic wastes, *Wastewater treat- 
ment, *Biological treatment, *Hazardous wastes, 
Toxicity, Kinetics, Model studies, Biodegradation, 
Heavy metals, Hydrocarbons, Phenols, Biomoni- 
toring, Groundwater pollution. 


This conference was conducted to assess the appli- 
cability of using biotechnology for the treatment of 
hazardous toxic wastewaters. The proceedings 
contain the papers and discussions given by au- 
thors and participants. The papers are divided into 
nine major topic areas: (1) Inhibition kinetics and 
modeling; (2) Biodegradation of hazardous/toxic 
wastewaters; (3) Report from the Center for Re- 
search in Hazardous and Toxic Substances and the 
Consortium for Biological Waste Treatment Re- 
search and Technology on Hazardous/Toxic 
Waste Research Projects; (4) Biological removal of 
phenolic compounds and heavy metals; (5) Re- 
search needs workshop; (6) Assessment of integrat- 
ed wastewater treatment for toxic control; (7) De- 
toxification of organic hydrocarbons by selective 
microbes and assessment of bacterial toxicity; (8) 
Biomonitoring of toxicity in wastewater treatment; 
and (9) Treatment of contaminated groundwater 
and leachates. (See also W89-02286 thru W89- 
02303) (Lantz-PTT) 

W89-02267 


BIOLOGICAL TREATMENT OF TOXICS IN 
WASTEWATER: THE PROBLEMS AND OP- 
PORTUNITIES, 

Environmental Protection Agency, 
OH. Water Engineering Research Lab. 
D. F. Bishop, and N. A. Jaworski. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 2-25, 3 
fig, 7 tab, 33 ref. 


Cincinnati, 


Descriptors: *Toxic wastes, *Wastewater treat- 
ment, *Biological treatment, Toxicity, Waste re- 
duction, Anaerobic digestion, Chemical treatment, 
Aerobic treatment, Physical treatment, Contain- 
ment, Costs, Economic aspects, Volatilization, Bio- 
degradation. 


The toxicity impact on receiving water ecosys- 
tems, bioaccumulative uptake of toxics into the 
food chain, and effects of toxic discharges in 
wastewater effluents on the water quality of drink- 
ing water are strong factors driving the demand 
for improved technology for control of toxics. 
Ongoing EPA research should soon provide the 
scientific tools to support regulatory action by 
defining the environmental fate and effects and the 
health risk of toxics, by identifying the presence of 
toxics and toxicity in water and wastewater, and 
by tracing the toxics or toxicity to their sources. 


For the EPA’s regulatory policies on toxic and 
hazardous wastes to be effective, the Office of 
Research and Development must identify or devel- 
op practical and cost-effective approachs for con- 
trol of these wastes. These approachs can be con- 
veniently divided into the following general areas: 
(1) waste reduction through industrial in-plant 
process modifications, recovery and reuse of 
toxics; (2) biological treatment (aerobic and anaer- 
obic) including advanced bioengineering concepts; 
(3) physical-chemical treatment; and (4) waste con- 
tainment and immobilization. The treatability re- 
search aims at evaluating the equilibrium and kinet- 
ics relations of the principal removal mechanism in 
conventional primary-secondary (biological) treat- 
ment. The important mechanisms are: (1) partition- 
ing (sorption) on solids and biomass; (2) volatiliza- 
tion (air stripping and surface desorption); and (3) 
biodegradation (aerobic and anaerobic). The goals 
of the research include developing appropriate 
bench-scale treatability protocols for experimental- 
ly determining the fate of specific toxics in and 
their impact on the conventional primary-second- 
ary treatment system; determining kinetic and equi- 
librium data on representative toxics for the princi- 
pal treatment mechanism; and, using the experi- 
mental data, developing predictive models for esti- 
mating the fate of toxics in conventional treatment 
from the chemical properties and structural activi- 
ty relations of the individual toxics. (See also W89- 
02267) (Lantz-PTT) 

W89-02268 


HAZARDOUS WASTE MANAGEMENT: BIO- 
LOGICAL TREATMENT, 

National Solid Wastes Management Association, 
Washington, DC. 

S. W. Pirages. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 26-36. 


Descriptors: *Toxic wastes, *Waste management, 
*Hazardous wastes, *Wastewater treatment, *Bio- 
logical treatment, Management planning, Regula- 
tions, Industrial wastes, Monitoring. 


A waste service industry has emerged in response 
to the national concern for management of hazard- 
ous waste. The current members in the commercial 
service industry became involved in hazardous 
waste management activities only in response to 
the 1976 Resource Conservation and Recovery 
Act (RCRA). This commercial waste service in- 
dustry recognizes the potential application of bio- 
logical treatment for industrial hazardous wastes. 
Facilities employing this technique currently exist 
in Canada and the United States. Greater applica- 
tion and commercial development is possible, par- 
ticularly if certain operational/performance crite- 
ria are met. These include: (1) complete destruc- 
tion of hazardous constituents; (2) the ability to 
concentrate target constituents for further treat- 
ment or for resource recovery; (3) application of 
the technology to a diverse range of hazardous 
constituents found in mixtures, rather than in single 
constituent waste streams; and (4) consistency 
among treatment batches to reduce the need for 
expensive monitoring of the residue, and of the 
ability to be competitive financially with other 
treatment technologies that are currently available. 
(See also W89-02267) (Lantz-PTT) 

W89-02269 


TOXICITY ASSAYS AND MOLECULAR 
STRUCTURE TOXICITY, 

Drexel Univ., Philadelphia, PA. 

R. E. Speece, N. Nirmalakhandan, and P. C. Jurs. 
IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 37-64, 
9 fig, 4 tab, 46 ref. 


Descriptors: ‘*Toxic wastes, *Toxicology, 
*Wastewater treatment, *Toxicity, *Molecular 
structure, *Bioassays, Chemical analysis, Biologi- 
cal studies, Model studies, Mathematical studies, 
Chemical properties, Water pollution effects. 
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When one considers the complexity of a biological 
system’s response to toxic chemicals, it would 
appear to be overly optimistic to attempt to formu- 
late a rational quantitative - structure activity rela- 
tionship (QSAR) based upon molecular structure 
or gross properties. The concept that a relation 
exists between the structure of a molecule and its 
biological activity was formulated in 1868. One of 
the greatest problems in QSAR studies is the trans- 
lation of molecular structure into simple and 
unique numerical descriptors. These descriptors 
should be parameters of such fundamental proper- 
ties of a molecule which determine possibly the 
biological activity and toxicity. Various parameters 
have been used in QSAR studies such as the 
Hansch constant, hydrophobic fragmental con- 
stant, partition coefficient in octanol/water, mol- 
volume, surface activity, molar refraction, polari- 
zability of electrons, Taft constant, Hammett 
factor, parachlor and molecular connectivity indi- 
ces. QSARs do not indicate much about the kind 
of action of the compounds. However, when a 
high quality QSAR is found for a group of com- 
pounds, it might indicate that the action is similar. 
If the temptation to extrapolate QSAR models 
beyond the bounds in which they were derived can 
be resisted, then some very useful ecotoxicological 
predictive models can be used as ‘screening tools’ 
to ‘flag’ chemicals which may warrant more exten- 
sive testing. Likewise, if the idiosyncrasies of the 
various bacterial toxicity assays can be appropri- 
ately factored in, much qualitative information can 
be gleaned for various environmental purposes. 
(See also W89-02267) (Lantz-PTT) 

W89-02270 


COMPETITIVE KINETIC MODEL OF SUS- 
PENDED-GROWTH INHIBITED BIOLOGICAL 
SYSTEMS, 

Pontificia Univ. Catolica de Chile, Santiago. Dept. 
of Hydraulic Engineering. 

P. B. Saez. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 65-79, 
9 fig, 17 ref. National Commission of Scientific and 
Technological Research Grant 0126/85. 


Descriptors: *Wastewater treatment, *Toxic 
wastes, *Kinetics, *Biological studies, *Model 
studies, Growth kinetics, Mathematical models, 
Mathematical studies, Toxicity, Biodegradation. 


A kinetic model of suspended-growth inhibited 
biological systems is based upon fundamental prin- 
ciples, which include mass balances and kinetics 
relationships. It is supposed that the inhibitor may 
be biodegradable, following a Monod function. 
Another assumption is that the substrate utilization 
rate is given by the general theory of competitive 
reversible inhibition, and completely determine the 
cell’s growth rate. The model has been normalized 
to better understand the process. the response of 
the model with changes in the influent substrate 
and inhibitor concentrations is also discussed. The 
main contribution of the model presented is that it 
helps in the identification of research needs in 
kinetic modeling of inhibited systems. First, it is 
clear that more experimental results are required. 
Second, the model has been structured to visualize 
its assumptions, which can be changed in order to 
find those that better represent the real world. For 
example, it is possible to construct models in which 
the inhibitor utilization rate follow an Haldane 
function, or the substrate utilization rate could be 
modeled by uncompetitive or noncompetitive re- 
versible inhibition, or the active bacterial growth 
also depend on the inhibitor utilization rate, etc. 
The model may be easily applied to batch or plug- 
flow suspended-growth reactors. The only changes 
are related to mass balance equations. Also, its 
principles could be used to model inhibited biofilm 
reactors. (See also W89-02267) (Lantz-PTT) 
W89-02271 


TOXICITY OF NICKEL IN METHANE FER- 
MENTATION SYSTEMS: FATE AND EFFECT 
ON PROCESS KINETICS, 

Drexel Univ., Philadelphia, PA. Dept. of Civil 
Engineering. 

S. K. Bhattacharya, and G. F. Parkin. 


IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 80-99, 
7 fig, 7 tab, 21 ref. 


Descriptors: *Wastewater treatment, *Toxic 
wastes, *Toxicity, *Nickel, *Fermentation, Kinet- 
ics, Acetate, Heavy metals, Propionate, Model 
studies, Chemical analysis. 


The objectives of this research was to study to 
study the kinetic effects of nickel on anaerobic 
utilization of acetate and propionate and to deter- 
mine its fate in these systems. Nickel was added 
both as slug and continuous doses. With the shock 
of a slug addition, there should be minimal chance 
for acclimation to nickel by the bacteria. With 
continuous addition, however, the concentration of 
nickel can be increased gradually and the bacteria 
will have a chance to acclimate. The following 
conclusions are drawn from this study: (1) Acetate- 
utilizing methanogens are more severely affected 
than propionate utilizers by nickel; (2) Massive 
slug doses of nickel immediately stop bacterial 
activity. Smaller slug doses give lower-HRT sys- 
tems a better chance to recover; (3) Response to 
nickel toxicity is similar to uncompetitive inhibi- 
tion. The Uncompetitive-Inhibition-Coefficient 
model worked well for continuous addition of 
nickel; (4) The Uncompetitive-Inhibition-Coeffi- 
cient model did not adequately describe the fate of 
systems exposed to slug doses of nickel; and (5) 
Without acclimation to nickel, total soluble nickel 
concentrations above 6 mg/L caused failure. Total 
soluble nickel concentrations as high as 31 mg/L 
could be tolerated with acclimation. (See also 
W89-02267) (Lantz-PTT) 

W89-02272 


HEAVY METAL REMOVAL BY AQUATIC MA- 
CROPHYTES IN A TEMPERATE CLIMATE 
AQUATIC TREATMENT SYSTEM, 

New Hampshire Univ., Durham. Dept. of Civil 
Engineering. 

P. L. Bishop, and J. DeWaters. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 100- 
117, 5 tab, 11 ref. NSF Grant CEE-8209851. 


Descriptors: *Toxic wastes, *Wastewater treat- 
ment, *Heavy metals, *Macrophytes, *Temperate 
zone, *Aquatic plants, Biological treatment, Filtra- 
tion, Adsorption, Oxygen, Copper, Lead, Nickel, 
Cadmium, Zinc. 


The aquatic macrophytes play an essential role in 
aquatic treatment systems. The roots, stems and 
leaves of the plants in the water column provide a 
surface on which bacteria can grow and provide a 
media for filtration and adsorption of solids. They 
also provide oxygen to the bacteria through photo- 
synthesis. The stems and leaves at or above the 
water surface help to attenuate sunlight and thus 
prevent growth of suspended algae, and reduce 
effects of wind on the water, thus minimizing 
roiling of sediments. In essence, aquatic treatment 
systems are similar to horizontal flow trickling 
filters in which macrophytes replace the trickling 
filter media as a support structure for bacteria. The 
plants play the additional role of nutrient and 
heavy metal assimilators. These studies, performed 
under both warm and cold weather conditions 
using three different temperate climate aquatic ma- 
crophytes, suggest that the heavy metal removal 
efficiencies of various aquatic macrophyte treat- 
ment systems varies depending on the metal con- 
sidered, but that the underlying removal mecha- 
nisms are probably the same. In essentially all 
cases, metal removal sin the macrophyte-contain- 
ing reactors were better than in the control reac- 
tors. Much of this additional removal is probably 
due to the epifloral biofilms growing on the macro- 
phytes rather than to the macrophytes themselves. 
This is potentially very beneficial to the plants as it 
prevents high concentrations of toxic heavy metals 
from bioconcentrating in the macrophyte’s tissues. 
Copper was almost entirely removed from the 
waste stream in aquatic treatment systems contain- 
ing the temperate climate macrophytes Elodea nut- 
tallii and Myriophyllum heterophyllum; substantial 
quantities of lead and zinc were also removed. 
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Removal rates for cadmium and nickel were much 
lower, but this may have been due to the low 
concentrations present in the raw wastewater. (See 
also W89-02267) (Lantz-PTT) 

W89-02273 


REMOVAL OF HEAVY METAL BY RECY- 
CLING OF WASTE SLUDGE IN THE ACTI- 
VATED SLUDGE PROCESS, 

Feng Chia Univ., Taichung (Taiwan). Dept. of 
Hydraulic Engineering. 

K. L. Tsai, and P. S. Cheung. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 118- 
135, 6 fig, 6 tab, 4 ref. National Science Council of 
the Republic of China Project NSC 75-0410-E035- 
01. 


Descriptors: *Toxic wastes, *Heavy metals, *Re- 
cycling, *Wastewater treatment, *Activated sludge 
process, Sludge, Adsorption, Sedimentation, 
Chemical oxygen demand. 


In the conventional activated sludge process, part 
of the settled sludge from the final clarifier is 
returned to the aeration tank and the rest of is 
wasted. It has been known for a long time that 
activated sludge has very strong adsorptive power. 
In this study waste sludge is first recycled to the 
incoming sewage such that it could adsorb the 
heavy metals and part of the organic matter. 
Metals are then removed in the primary settling 
tank. This could simultaneously protect the biolog- 
ical unit from excess incoming toxic heavy metal 
ions and also reduce the organic load to the aer- 
ation tank; thus considerable energy could be 
saved. Jar tests were used to investigate the feasi- 
bility of this application. Results indicated that 
activated sludge has good adsorption ability. As 
compared to plain sedimentation, with added acti- 
vated sludge, additional COD removal ranged 
from 11-52% and that for heavy metal varied from 
15-32%. (See also W89-02267) (Author’s abstract) 
W89-02274 


EFFECT OF INORGANIC CATIONS ON BIO- 
LOGICAL FIXED-FILM SYSTEMS, 

Purdue Univ., Lafayette, IN. School of Civil Engi- 
neering. 

R. W. Peters. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 136- 
157, 2 fig, 2 tab, 46 ref. 


Descriptors: *Toxic wastes, *Wastewater treat- 
ment, *Inorganic compounds, *Biological treat- 
ment, *Cations, Heavy metals, Trickling filters, 
Anaerobic digestion, Adsorption, Biological filters, 
Enzymes. 


The effects and inhibitions associated with heavy 
metals on the performance of fixed-film biological 
processes such as trickling filters, anaerobic filters, 
and rotating biological contactors, have been ad- 
dressed. High concentrations of heavy metals are 
toxic to most microorganisms. The degree of metal 
inhibition varies with different biological species. 
Toxicity generally takes the form of enzyme inhibi- 
tion. Heavy metals may adversely affect microbial 
metabolism by inhibiting enzyme catalysis. Metals 
can bind at the enzyme-active sites or cause con- 
formational changes in the enzyme. Although nu- 
merous studies have been performed on the inhibi- 
tory effect of heavy metals on various microorga- 
nisms, the results are difficult to compare for a 
variety of reasons. With proper acclimation, the 
biological system can be used to remove a certain 
amount of the metal(s) without being adversely 
affected. The due to sorption of both soluble and 
fine particulates by the biofilm. The anaerobic 
filter is quite efficient for removal of heavy metals 
and retention of the metals in the biofilm. Due to 
the relatively recent development of fixed-film 
processes, much less attention has been paid to 
these processes (as compared to suspended growth 
systems) particularly in terms of heavy metal inhi- 
bition. (See also W89-02267) (Lantz-PTT) 
W89-02275 





PHYSICAL-CHEMICAL AND ANAEROBIC 
FIXED FILM TREATMENT OF LANDFILL 
LEACHATE, 

Technical Univ. of Nova Scotia, Halifax. Dept. of 
Civil Engineering. 

D. Thirumurthi, S. M. Rana, and T. P. Austin. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 158- 
195, 13 fig, 16 tab, 16 ref. 


Descriptors: *Toxic wastes, *Wastewater treat- 
ment, *Chemical treatment, *Anaerobic digestion, 
*Landfills, *Leachates, *Water pollution preven- 
tion, Heavy metals, Aluminum, Chromium, Iron, 
Manganese, Nickel, Vanadium, Zinc, Hydrogen 
ion concentration, Alum, Sludge, Sodium carbon- 
ate, Chemical oxygen demand, Biomass. 


The following conclusions can be made, based on 
this laboratory-model study: (1) The single most 
important factor that overwhelmingly governs the 
precipitation of metals such as Al, Cr, Fe, Mn, Ni, 
V and Zn from the leachate is pH; (2) Low doses 
of alum and FeCl3 (up to 40 mg/L in each case) 
have very little effect on metals removal; (3) 
Though alum at 80 mg/L and FeClI3 at 200 mg/L 
enhanced the precipitation of the metals, the ex- 
pected higher costs associated with the chemicals 
and the disposal of excess sludge produced prohibit 
the use of the chemicals; (4) The volume of settled 
sludge increased as the flocculation pH increased; 
(5) At a given pH, lime slurry was slightly more 
efficient than KOH in precipitating the metals; (6) 
Sodium carbonate, even at a high dose of 4000 
mg/L, was not effective in removing the metals; 
(7) Subsequent to physical-chemical treatment and 
phosphate supplementation, the leachate was suc- 
cessfully treated biologically; (8) The upflow an- 
aerobic fixed film reactor (AFFR) with modular 
blocks, at an organic load of 1.6 kg/d/cu m and at 
32 + or - 2 C, reduced the COD of the pretreated 
leachate from 21,800 to 780 mg/L, TOC from 7680 
to 200 mg/L, VSS from 237 to 24 mg/L and SS 
from 756 to 36 mg/L; (9) When the biomass within 
the reactor was estimated on the last day of the 
experiment, it was concluded that 77% of the 
biomass (VSS) was in the liquid phase of the 
reactor held in the interspaces of the medium while 
the balance was on the biofilm of the solid 
medium; (10) The substrate removal rate was esti- 
mated to be 1.77 g of COD/d/g of VSS in the 
liquid phase of the reactor; and (11) A precise 
value of the substrate removal rate can be calculat- 
ed only when a precise definition of the biomass 
can be standardized. (See also W89-02267) (Lantz- 


PTT) 
W89-02276 


TREATMENT OF LEACHATE FROM A HAZ- 
ARDOUS WASTE LANDFILL SITE USING A 
TWO-STAGE ANAEROBIC FILTER, 

New Jersey Inst. of Tech., Newark. Dept. of Civil 
and Environmental Engineering. 

Y. C. Wu, O. J. Hao, and K. C. Ou. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 196- 
220, 6 fig, 6 tab, 41 ref. Army Construction Engi- 
neering Research Lab. Grant DACA 888 EC 0013. 


Descriptors: *Toxic wastes, *Wastewater treat- 
ment, *Leachates, *Water pollution prevention, 
*Hazardous wastes, *Landfills, *Anaerobic diges- 
tion, Filtration, Organic matter, Metals, Chemical 
oxygen demand, Biological oxygen demand, Vola- 
tile acids, Biological treatment, Biofiltration, Am- 
monia, Nitrogen. 


Leachate from a hazardous waste landfill site con- 
tained a high concentration of organic matter and 
low metal concentrations. COD, BOD and volatile 
acid were approximately 21, 14, and 1.9 g/L, re- 
spectively. Both the strength and chemical compo- 
sition of raw leachate varied with sampling time. 
The high ratio of BOD to COD of raw leachate is 
amenable to biological treatment. The start-up of 
the anaerobic filter system was highly time-con- 
suming. Larger quantities of seed material and 
higher temperatures should reduce the start-up 
time. With an organic loading up to 4 g COD/d/sq 
m, COD/BOD removal was satisfactory, even 
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though the leachate contained several toxic pollut- 
ants. BOD as low as 130 mg/L or a 98% reduction 
could be achieved. The biofilters were very effec- 
tive for metal removal. However, the anaerobic 
process did not remove ammonia and the effluent 
NH3-N concentration often increased due to deg- 
radation of nitrogenous organic matter. Either 
chemical process or biological nitrification may be 
employed to remove residual BOD and ammonia 
to an acceptable level. (See also W89-02267) 
(Lantz-PTT) 

W89-02277 


EFFECTS OF EXTENDED IDLE PERIODS ON 
HAZARDOUS WASTE BIOTREATMENT, 

State Univ. of New York at Buffalo. Dept. of Civil 
Engineering. 

A. S. Weber, M. R. Matsumoto, J. G. Goeddertz, 
and A. J. Rabideau. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 221- 
243, 8 fig, 4 tab, 6 ref. 


Descriptors: *Toxic wastes, *Water pollution 
treatment, *Hazardous wastes, *Biological treat- 
ment, *Biodegradation, Costs, Leachates, Ground- 
water pollution, Chemical oxygen demand, Tem- 
perature, Activated carbon, Landfills. 


An experimental study was conducted to assess the 
technical feasibility of biological processes treating 
hazardous waste when extended periods of inoper- 
ation are imposed on operation protocol. The im- 
petus for this study was to develop a process that 
could provide cost effective treatment of leachate 
and contaminated groundwater from a former haz- 
ardous waste handling facility in upstate New 
York. Waste collection rates at the site are expect- 
ed to be low and as such, intermittent process 
operation will be desirable or necessary. Based on 
the reported findings of the experimental study, 
intermittent biological treatment can achieve sig- 
nificant removal of waste pollutants. In this study 
the rate of COD removal was adversely affected 
by decreases in operation frequency and decreased 
operating temperatures. However, if reaction peri- 
ods are extended, all biodegradable COD removal 
can be removed in bioreactors using long lag peri- 
ods. Addition of powdered activated carbon was 
tested under one operating scenario and hypoth- 
esized to be advantageous in reducing aeration 
times for conditions of low temperature and ex- 
tended lag periods. While the feasibility of inter- 
mittent biological treatment was studied using a 
groundwater contaminated with hazardous waste 
substances, other potential applications exist. They 
include; leachate treatment of municipal and haz- 
ardous waste landfills, industrial waste flows re- 
leased on an intermittent basis, and other waste 
sites requiring remediation. (See also W89-02267) 
(Lantz-PTT) 

W89-02278 


TECHNIQUE TO DETERMINE INHIBITION 
IN THE ACTIVATED SLUDGE PROCESS 
USING A FED-BATCH REACTOR, 

Vanderbilt Univ., Nashville, TN. Dept. of Civil 
and Environmental Engineering. 

A. T. Watkin, and W. W. Eckenfelder. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 244- 
259, 4 fig, 3 tab, 10 ref. 


Descriptors: *Toxic wastes, *Pesticides, 
*Wastewater treatment, *Activated sludge process, 
Model studies, Dichlorophenol, Organic com- 
pounds, Glucose, Kinetics, Statistical studies. 


Modeling of activated sludge systems’ response to 
unsteady state inputs of a known inhibitory com- 
pound is the primary focus of this paper. Glucose 
and 2,4-dichlorophenol (DCP) acclimated sludges 
will be used in assessing unsteady-state inhibition 
kinetics of DCP on glucose removal. The un- 
steady-state inhibitory and non-inhibitory _re- 
sponses of DCP and glucose is modeled in a specif- 
ic semi-batch reactor configuration known as a fed- 
batch reactor. Distinctly, different inhibition con- 
stants were for three sludges with different histo- 
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ries. These differences were shown to be statistical- 
ly significant by Tukey's Method at a global sig- 
nificance level of 5%. A sludge acclimated to DCP 
and glucose demonstrated a mean inhibition con- 
stant (K sub I) value of 17.3 mg/L. This value was 
significantly higher than for sludge which was 
previous but not currently acclimated to DCP, 
demonstrating an inhibition constant of 6.5 mg/L. 
A third sludge which like the others was acclimat- 
ed to glucose, but which had never been acclimat- 
ed to DCP demonstrated the highest mean K sub I 
value of 40.4 mg/L. From these results it is appar- 
ent that there is no universal inhibition constant for 
DCP on glucose removal. The inhibition constant 
for DCP is likely to be highly dependent on the 
specific enzyme system involved, which in turn is 
dependent on the history and population dynamics 
of the sludge. Several aerobic pathways for glu- 
cose metabolism have been demonstrated. The in- 
hibition constant, K sub I may be highly dependent 
on which metabolic pathway(s) is (are) present in 
any given mixed microbial population such as 
those studied in this work. (See also W89-02267) 
(Lantz-PTT) 

W89-02279 


COMPARISON OF THE MICROBIAL RE- 
SPONSE OF MIXED LIQUORS FROM DIF- 
FERENT TREATMENT PLANTS TO INDUS- 
TRIAL ORGANIC CHEMICALS, 

New Jersey Inst. of Tech., Newark. Dept. of 
Chemical Engineering. 

G. Lewandowski, D. Adamowitz, P. Boyle, L. 
Gneiding, and K. Kim. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 260- 
274, 7 fig, 3 tab, 3 ref. NSF Project BICM-6. 


Descriptors: *Toxic wastes, *Wastewater treat- 
ment, *Microbiological studies, *Industrial 
wastewater, *Organic compounds, *Detoxifica- 
tion, Case studies, Municipal wastewater, Biologi- 
cal oxygen demand, Phenols, Chlorophenol, Dich- 
lorophenol, Dichlorophenoxyacetic acid, Public 
owned treatment works. 


As the first stage of an effort to determine the 
ability of publicly owned treatment works 
(POTWs) to detoxify industrial organic chemicals, 
several compounds were added individually to the 
mixed liquors from two very different treatment 
plants - the Livingstone (NJ) municipal wastewater 
treatment, plant, and the Passaic Valley Sewerage 
Commissioners (PVSC) plant in Newark (NJ). The 
former handles 2.5 million gallons/d of domestic 
sewage, while the latter handles 250 MGD of 
wastewater with a 55% industrial component (on a 
BOD basis). An aerated batch reactor was used, 
and the chemicals (and feed concentrations) were: 
phenol (100 ppm), 2-chlorophenol (20 ppm), 2.6- 
dichlorophenol (10 ppm), and 2,4-dichlorophenox- 
yacetic acid (10 ppm). Substrate disappearance was 
determined by gas chromatography, and the mi- 
crobial systems characterized by microscopy and 
plating techniques. Although the two mixed liq- 
uors came from very different systems, their re- 
sponse to the industrial chemicals added, as well as 
the initial and final microbial populations, were 
very similar. This suggests that the phenomena 
observed might be generalized to many other 
POTWs. (See also W89-02267) (Lantz-PTT) 
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SBR TREATMENT OF HAZARDOUS 
WASTEWATER - FULL-SCALE RESULTS, 

Jet Tech, Inc., Industrial Airport, KS. 

K. L. Norcross, R. L. Irvine, and P. A. Herzbrun. 
IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 275- 
294, 7 fig, 3 tab, 10 ref. 


Descriptors: *Toxic wastes, *Hazardous wastes, 
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ed solids, Aeration, Heavy metals. 


A preliminary pilot study was completed to evalu- 
ate the possibility of utilizing the sequencing batch 
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biological reactor (SBR) process to pretreat land- 
fill leachate and hazardous waste streams prior to 
polishing with the existing activated carbon 
system. The motivation for the study was a desire 
to reduce carbon regeneration energy and make-up 
costs. The results of the pilot study were successful 
and a full-scale, 550,000 gallon SBR reactor was 
designed and installed in the winter of 1983/84 in 
Niagara Falls, NY. Qualitative parameters associat- 
ed with oxygen transfer (alpha, beta) were evaluat- 
ed during the pilot study. The data indicated that 
alpha increased with increasing aeration turbulence 
and shear rate. Process performance was shown to 
be highly temperature sensitive, decreasing rapidly 
at low temperatures. A submerged jet aeration 
system was selected for high efficiency, high heat 
conservation, independent aeration and mixing, 
and alpha resistance. After one year of operation, 
the plant has proven to be stable and effective. The 
system maintained a mixed liquor temperature 10 c 
above the influent temperature. Oxygen transfer 
alpha values were measured to range between 0.75 
and 2.0, while beta values ranged from 0.6 to 0.75 
(TDS was 30,000 mg/L). The system operated at 
roughly half the design power requirements. The 
system maintained stability throughout the entire 
year except for two heavy metal toxicity strikes 
which decreased treatment efficiency for several 
days. The effluent decanting system and rapid set- 
tleability of the mixed liquor resulted in minimum 
effluent suspended solids values. As a result of the 
organic and phenol removal efficiencies achieved 
by the SBR, carbon changes were reduced by 
about 50%. Annual carbon cost savings are esti- 
mated to be $200,000/yr. (See also W89-02267) 
(Author's abstract) 
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MIXED CULTURES IN BIODEGRADATION 
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New Jersey Inst. of Tech., Newark. Dept. of 
Chemica! Engineering. 
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Varuntanya. 

IN: International Conference on Innovative Bio- 
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318, 17 fig, 10 ref. 
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Eleven dominant bacterial species were isolated 
from a phenol-acclimated mixed liquor obtained 
originally from the Passaic Valley Sewerage Com- 
missioners wastewater treatment plant in Newark, 
NY. However, of these eleven species, only three 
(Klebsiella pneumoniae, Serratio liquefaciens, and 
Pseudomonas putida) were able to degrade phenol. 
Therefore, the remaining eight species must have 
survived by utilizing the metabolic products of the 
three primary phenol degraders. Regarding the 
three primary phenol degraders, when the same 
species were purchased from commercial suppliers, 
they could not degrade phenol, which underlines 
the importance of the strain as well as the species. 
Using the kinetic parameters from the single spe- 
cies experiments, a simple competitive model was 
tested for phenol utilization by any two of the 
three primary phenol degraders. This model was 
able to predict the rate of total biomass growth 
fairly well, but was much less accurate in predict- 
ing the rate of substrate utilization. This indicates 
that simple competition for the same substrate is 
not an adequate physical model for the mixed 
culture system. It may be, for example, that one (or 
both) of the organisms is producing an inhibitory 
agent for the growth of the competing organisms. 
(See also W89-02267) (Lantz-PTT) 
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COMPARTMENTALIZED ONE SLUDGE 
BIOREACTOR FOR SIMULTANEOUS RE- 
MOVAL OF PHENOL, THIOCYANATE, AND 
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Florida International Univ., Miami. Dept. of Civil 
and Environmental Engineering. 


J. H. Greenfield, and R. D. Neufeld. 

IN: International Conference on Innovative Bio- 
logical Treatment of Toxic Wastewaters. June 24- 
26, 1986, Arlington, Virginia. April 1987. p 319- 
331, 1 fig, 1 tab, 12 ref. 
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Of the processes available for the removal of am- 
monia from steel industry wastewaters, engineered 
biological systems are the most pragmatic. Data 
from the steel industry indicate that a properly 
designed and operated biological nitrification facil- 
ity is capable of reducing ammonia levels to < 10 
mg/L over extended periods of time. Biological 
nitrification processes, however, are known to ex- 
hibit unaccounted for upsets, and thus are consid- 
ered in some industrial sectors as unreliable. Four 
rectangular Plexiglas aeration tanks were con- 
structed for this research. The aeration basins had 
a working volume of 20 L. All four bioreactors 
were operated under similar conditions. First, the 
mixed cultures were fed ammonium chloride to 
establish nitrification. When this was established, 
reagent phenol effluent was analyzed, thiocyanate 
was added to the feed. In order to meet the objec- 
tives, the bioreactors were designed to be 1,2,3, 
and 4 compartment bioreactors. The one compart- 
ment bioreactor displayed 99% removal efficien- 
cies for phenol, thiocyanate, and ammonia when 
the influent concentrations for all three substrates 
was approximately 150 mg/L and when the reac- 
tor was operated at an actual sludge age of 43 
days. The two compartment bioreactor displayed 
> 99% removal efficiencies for thiocyanate, 
phenol, and ammonia when the reactor consisted 
of SCN(-) = 350 mg/L, phenol = 300 mg/L, and 
NH3 = 200 mg/L at an actual sludge age of 42 
days. Experimental results from the three and four 
compartment reactors at sludge ages of 63 and 57 
days respectively, exhibited similar effluent phenol 
and ammonia concentrations. The steady-state re- 
sults from the 1-4 compartment reactors displayed 
> 90% removal of all three substrates in the first 
compartment with the remaining compartments 
functioning as final polishing tanks. By utilizing 
compartmentalized reactors, the working volume 
of the aeration basin can be reduced by as much as 
one half without a loss in efficiency. (See also 
W89-02267) (Lantz-PTT) 
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A proposed process flow scheme for a high-rate 
fluidized biological system for treating phenol 
wastes was presented. The key feature of this 
system is the use of two reactors each of which has 
different operating conditions. The first stage of 
the system is utilized for selective culture of orga- 
nisms which are characterized by high-rate phenol 
degradation kinetics; the critical parameter for se- 
lecting these populations appears to be the mainte- 
nance of relatively high (> or= 100 mg/L) 
steady-state phenol concentrations in this reactor. 
The second stage of the system is operated in an 
extended aeration mode (extremely low growth 
rates) in order to achieve low effluent organic 
concentrations. The advantages of this process 
over conventional technology are significantly in- 
creased phenol degradation rates and lower sludge 
production rates; the results of the bench-scale 
pilot study indicate that the process may also be 
capable of delivering lower phenol concentrations 
than can a conventional single-stage technology. 
Equations were also derived which may be uti- 
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lized, subsequent to additional developmental work 
on the process, for providing guidelines for design 
and operation. Finally, it is pointed out that appli- 
cation of the high-rate process technology is not 
contingent on the design of new facilities. (See also 
W89-02267) (Lantz-PTT) 
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In recent years, interest has been growing in the 
use of organic fertilizer to recoup the fertility of 
soil which has been seriously strained and wasted 
by chemical-intensive farming; this in turn is build- 
ing the demand for sewage sludge as an organic 
fertilizer. The state-of-the-art on composting facili- 
ties in Japan and the marketing competition of 
sludge compost with chemical fertilizers are dis- 
cussed and a case studies are presented of market- 
ing trends in four areas of Japan differing in cli- 
mate and farming structure. A reference price for a 
20 kg bag of sewage sludge compost is forecast to 
be about Y500. Considering the current prices, the 
upper limit seems to be Y700/20 kg. Sludge prices 
should be set after due consideration of the prices 
of locally distributed competing fertilizers. Sludge 
compost is expected to be sold mainly in bags as it 
is now. However, sales by measure or weight 
should also be practiced to meet the needs of large 
users. Sludge compost should be available in diver- 
sified forms; it can be pelletized to meet mecha- 
nized farming, or can be enriched with additives 
for differentiation from competing fertilizers. 
(Sand-PTT) 
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DESIGN AND PERFORMANCE OF A LARGE 
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A large wastewater disposal field (31 x 69 m) was 
designed in agreement with legal recommenda- 
tions. A full scale test with clear water revealed 
that the field exfiltration rate was much lower than 
anticipated. The design, the instrumentation per- 
formed with 11 piezometers, the groundwater con- 
ditions as modified by the disposal field, how the 
true exfiltration rates were determined after due 
consideration of natural precipitations and evapo- 
ration losses, and the method used to improve the 
performance are performed. The value of the infil- 
tration rate into the soil, initially established by 
percolation tests, was confirmed by permeability 
tests performed in the piezometers. However, the 
true exfiltration rate of this disposal field was only 
8% of the rate predicted by the conventional, legal 
design. This exfiltration rate cannot be derived by 
simple transposition of the results of percolation 
tests as presently done by regulations. Alternative- 
ly, more rigorous methods are described. For a 
good design, it is necessary to perform hydrogeo- 
logic studies much more detailed than those pres- 
ently required by regulations. For improving the 
design and service life of such disposal fields, sev- 
eral suggestions are made to avoid water mounds 
and to reduce the risk of clogging. (Author’s ab- 
stract) 
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Industries and governmental agencies throughout 
the U.S. are confronted with a number of issues 
focusing on the subject of what is, and how, haz- 
ardous and contaminated solid waste should be 
properly managed and controlled. Waste accept- 
ance criteria governing landfill receipts include 
several limitations and restrictions on waste con- 
stituents. Restrictions concerning free liquid, metal 
solubility, reactivity, halogenated organic com- 
pounds, voiatile organics, and leachability are dis- 
cussed. To meet future requirements, several strat- 
egies can be developed that have application to 
waste minimization and improved treatment per- 
formance. Such strategies are briefly outlined for 
wastewater treatment, sludge reduction and stabili- 
zation, solid residues laden with volatile solvents, 
and organic residues. (Sand-PTT) 
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TREATMENT OF LANDFILL LEACHATES IN 
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Oklahoma State Univ., Stillwater. 

For primary bibliographic entry see Field 5B. 
W89-01460 
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Literature published in 1987 on radioactive wastes 
in relation to water pollution control is summa- 
rized, including: national programs and waste re- 
positories (waste processing and decommissioning, 
environmental transport, and remedial action and 
treatment). The review aims to include all perti- 
nent, important and significant articles without 
evaluating their merit; when selections were made, 
availability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 
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The International Symposium on Subsurface Injec- 
tion of Liquid Wastes was held in New Orleans, 
Louisiana, March 3-5, 1986. Government officials, 
industry representatives, consulting engineers and 
geologists, researchers and other interested persons 
met to learn and discuss state-of-the-art techniques 


employed and variables to consider in the oper- 
ation of underground injection facilities. The con- 
ference papers address a wide variety of topics 
including: a point/counterpoint on the practice of 
underground injection, well construction and test- 
ing methods, case studies on the operation of se- 
lected facilities, and a discussion of the fate and 
transport of injected wastes. This conference pro- 
vided a forum for all who attended to communi- 
cate and share ex; about the practice of 
subsurface disposal, to discuss state-of-the-art tech- 
nology and to learn of future reguiatory —— 
tions in the area of subsurface disposal. (See W89- 
01565 thru W89-01597) (Author’s abstract) 
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The injection of hazardous waste into subsurface 
rock formations is at once both the predominant 
form of liquid hazardous waste disposal in the 
United States and one of the least understood. 
Despite the considerable reliance on underground 
injection for disposing of hazardous wastes, neither 
the effective injection of fluids nor their safe con- 
tainment can presently be assured. This article 
analyzes the practice of underground injection as a 
hazardous waste disposal method and evaluates the 
limits to its use and the degree of protection 
against groundwater contamination current injec- 
tion methods can ensure. It identifies specific re- 
search needs necessary to determine the technical 
and environmental constraints associated with un- 
derground injection and its potential for assuring 
complete containment of waste. Also examined is 
the U.S. Environmental Protection Agency’s Un- 
derground Injection Control Program in terms of 
its adequacy in preventing and remedying ground- 
water contamination and other environmental 
damage due to migration of hazardous wastes. The 
article recommends specific regulatory changes 
that could result in more protective underground 
injection operations. (See also W89-01564) (Au- 
thor’s abstract) 
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he auspices of the Safe Drinking Water Act 
(SDWA) the Environmental Protect aon 
oversees the — of underground i 
wells for the disposal of wastes. ; 1. 
SDWA, the injection wells were adequately rea 
lated by state agencies. In 1983, the f 
Drinking Water began examining Class | wells 
which inject hazardous wastes. biggest users 
of hazardous waste injection wells are the Ss chentieat 
industries which account for nearly half the wells, 
and the petroleum refining industry accounts for 
nearly 25% of the wells. Contamination of ground- 
water from faulty injection operations has oc- 
curred in isolated cases where well construction 
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was improper, confining beds inadequate, and in- 
jection rates ~apemanaiie. Cases of groundwater 

lution from injection wells in Louisiana, Ohio, 

‘exas, Florida, Colorado, and Oklahoma are re- 
viewed. A case study in West Palm Beach, Flori- 
da, where planning, design, installation, operation 
and monitoring ay the best available prac- 
tice to yield a safe and effective injection well 
system is described. This system relies on continu- 
ous measurement of injection rates and pressures at 
the well. The safe records of injection well dispos- 
al of hazardous wastes, compared to the poor 
record of pits, ponds, lagoons, landfills, and dumps 
should warrant few restrictions on this type of 
—_ disposal. (See also W89-01564) (Geiger- 


) 
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The demonstration of injection well mechanical 
integrity is the foundation of the Underground 
Injection Control legislation. Without injection 
well mechanical integrity, wastes cannot be inject- 
ed without some danger of contamination of poten- 
tial drinking water supplies. This paper reviews the 
siting, construction, and testing of Class 1 disposal 
wells and how these are designed to ensure me- 
chanical integrity. Periodic mechanical integrity 
testing is discussed, including pressure testing and 
logging, and the advantages and limitations of, each 
technique. Advantages/disadvantages of packer- 
annulus versus packerless well completions are dis- 
cussed as they pertain to annulus monitoring. Sub- 
surface injection of liquid wastes is an environmen- 
tally safe practice provided wells are properly 
designed, maintained, and operated. With current 
well construction, monitoring, and testing technol- 
ogy, the most important requirement is a commit- 
ment by well managers to provide proper training 
to well operators and supervisors. See also W89- 
01564) (Author's abstract) 
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Zone isolation is a key element in the success of a 
disposal well and is a major criterion by which the 
success of a disposal well is determined. The state 
of the art cementing techniques developed for ef- 
fective zone isolation for waste disposal are pre- 
sented. Gelling preflush provides a prop against 
which the cement can be pumped, thus helping to 
avoid lost cement returns. Epoxy sealant is used on 
new completions. Epoxy resins, pozzolans and 
latex cement enhance the durability of sealed dis- 
posal wells. Corrosion resistant epoxy is designed 
to assist in the installation of new casing inside old, 
corroded casings. Job designs for long string and 
intermediate ——— are presented and dis- 
cussed. Other topics considered include cementing 
tools and proper water/cement ratios. Field results 
from sample zone isolation jobs are discussed. (See 
also W89-01564) (Author’s abstract) 

W89-01568 


INDUSTRIAL WASTE DISPOSAL WELLS: ME- 
CHANICAL INTEGRITY, 


Texas Water Commission, Austin. 

B. Klemt, S. Pole, and R. MacKinnon. 

IN: Proceedings of the International Symposium 
on Subsurface Injection of Liquid Wastes. National 
Water Well Association, Dublin, OH. 1986. p 90- 
112, 13 fig, 1 ref. 


Descriptors: *Injection wells, *Disposal wells, 
*Waste disposal, *Testing procedures, *Well drill- 
ing, Industrial wastes, Radioactive tracers, Leak- 
age, Cements, Well casings, Case studies. 


Injection wells have been used extensively since 
the 1950's to dispose of hazardous industrial liquid 
chemical wastes. Today, the principal method of 
determining the mechanical integrity of an operat- 
ing industrial waste disposal well is the continuous 
monitoring of injection and casing-tubing annulus 
pressures. These pressures are monitored to con- 
firm that no leakage through the tubular goods has 
occurred. Other mechanical integrity testing meth- 
ods have come into routine use over the years 
because of regulations which require the following: 
(1) that there is no significant leak in the casing, 
tubing, or packer and, (2) that there is no signifi- 
cant fluid movement through vertical channels ad- 
jacent to the injection well casing. These addition- 
al mechanical integrity tests include periodic pres- 
sure testing of the tubular goods at higher than 
normal pressures, temperature logging, pipe sur- 
veys, radioactive tracer surveys, and cement bond 
logging. A review of case histories of injection 
well failures indicates that most failures involved: 
(1) the injection of acid wastewaters which caused 
pressurization of the disposal reservoir and/or de- 
terioration of the injection well itself; (2) the lack 
of a systematic mechanical integrity testing pro- 
gram tailored to the individual waste disposal well; 
(3) well design and construction that was inad- 
equate; and (4) an insufficient number of mechani- 
cal integrity testing methods to provide definitive 
information regarding locations of leaks in the 
casing, tubing, or packer, and fluid movement 
behind the casing. (See also W89-01564) (Author’s 
abstract) 
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The City of Margate Injection Well-1 is a Class I 
well located in Broward County, Florida, and 
issued for the disposal of municipal secondary 
wastewater treatment plant effluent. The injection 
well discharges at a depth between 2,450 and 3,200 
feet (747 and 975 m) below land surface into a 
highly transmissive cavernous strata of the lower 
Floridan aquifer, known locally as the Boulder 
Zone. Native water in the Boulder Zone contains 
—- 35,000-mg/L total dissolved solids. 
After ten years of service a leak was detected by 
the open annulus monitor of the injection well. 
Initial investigations completed in February 1983 
concluded that the casing seemed intact but that 
there was a small leak through the cement seal at 
the base of the injection = The decision was 
made to repair the open annulus monitor, thereby 
restoring the integrity of the overlying aquitards. 
Bullhead injection, or a cement from the 
surface down without the use of cement lines, was 
selected as the repair technique. A lightweight 
cement, Spherelite, was supplied and pumped by 


Halliburton Services in April 1985. The effective- 
ness of the repair was confirmed by radioactive 
tracing, geophysical logging, and continued moni- 
toring with a new multi-zone monitor well in- 
stalled during expansions of the Margate effluent 
disposal system. (See also W89-01564) (Author's 
abstract) 

W89-01571 


FACTORS EFFECTING THE AREA OF 
REVIEW FOR HAZARDOUS WASTE DISPOS- 
AL WELLS, 

Davis (Ken E.) Associates, Houston, TX. 

K. E. Davis. 

IN: Proceedings of the International Symposium 
on Subsurface Injection of Liquid Wastes. National 
Water Well Association, Dublin, OH. 1986. p 148- 
194, 16 fig, 6 tab, 24 ref. 


Descriptors: *Injection wells, *Hazardous wastes, 
*Waste disposal, *Disposal wells, *Cements, Drill- 
ing, Mathematical studies, Boreholes, Borehole 
geophysics, Liquid wastes. 


The area of review for a hazardous waste disposal 
well is defined as the radial distance from the 
receiving well in which the pressure, caused by 
injection, increases sufficiently to possibly cause 
migration of fluids into useable sources of drinking 
water (USDW). Among the potential conduits for 
fluid migration from the disposal formation are 
improperly plugged well bores, channeling behind 
the casing of the injection well, faulted formations, 
solution channels, naturally fractured formations 
or facies pinch-outs. Usually faults, solution chan- 
nels and most other naturaliy occurring geological 
conduits are filled with native fluids and are fre- 
quently sealed from USDWs by secondary miner- 
alization. Only man-made conduits are described 
here. Man-made conduits such as old abandoned 
test holes or oil and gas wells are sealed with 
cement plugs and drilling mud. The static mud 
column provides substantial resistance to upward 
flow. Most mud systems develop a gel structure 
when allowed to remain quiescent. To initiate flow 
up an improperly abandoned well bore, the pres- 
sure in the disposal zone must exceed the sum of 
the static mud column pressure and the mud gel 
strength pressure. If the sum of these values is not 
exceeded during the life of a hazardous waste 
disposal well, there is no potential for contamina- 
tion of USDWs. A simplified procedure is present- 
ed that can be used to calculate that effected area. 
(See also W89-01564) (Author's abstract) 
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The U.S. Environmental Protection Agency 
(EPA) Region V has the primary regulatory au- 
thority for the Underground Injection Control 
UIC) program in Michigan and Indiana. Ohio and 
Illinois have primacy over their individual state 
vICc vane. Under the programs, operators 
must periodically demonstrate the mechanical 
safety of certain types of injection wells. Currently 
there are no widely accepted standards for con- 
ducting these tests. The UIC programs identify 
general guidelines for testing. However, specific 
procedures are approved by the various agencies, 





case be case, based on those proposed by the well 
operator. Mechanical integrity testing of Class I 
hazardous waste disposal wells in Region V is 
discussed, including test procedure development, 
implementation and interpretation. The test proce- 
dures are based on site specific well construction, 
operation and geological considerations. Testing 
methods include the radioactive tracer survey and 
annular pressure testing. The interpretation of test 
results are discussed as related to U.S. EPA’s crite- 
ria for acceptance. The principals applied could 
prove helpful in establishing regional standards for 
mechanical integrity testing. (See also W89-01564) 
(Author’s abstract) 
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Stauffer Chemical Company has successfully oper- 
ated deep well disposal systems at their plant in 
Bucks, Alabama, since 1969. Injection wells at this 
site are used to dispose of a waste stream charac- 
terized by high concentrations of salt, high chemi- 
cal and biological oxygen demand, and trace 
amounts of total organic carbon. The rate of injec- 
tion has averaged between 58 and 70 gpm (316.2 
and 381.6 cu m/day) since 1969. Foremost in the 
success of Stauffer’s deep well injection system is 
the existence of favorable geologic and hydrologic 
conditions. Two injection zones are used which 
have wide lateral extent, uniform porosity and 
permeability, are sealed above and below by im- 
pervious strata, and are void of any usable or 
economic resources. Well 1 began operation in 
August, 1969, Well 2 was completed in 1974 and 
Well 3 was drilled in 1982. At the surface, tubing- 
casing annulus pressures and injection pressures are 
continuously monitored to ensure continued integ- 
rity of the well and ——_ of the injection 
zones. Monitoring of the freshwater aquifers is 
conducted to ensure protection of water quality in 
the usable freshwater zones. Every two years the 
injection wells undergo a major workover which 
involves casing inspection, pulling the tubing, and 
running of electric logs. The area of waste move- 
ment can be estimated by relating volume of reser- 
voir porosity to volume of injected wastes. The 
increase in disposal zone pressure resulting from 
injection can be calculated using a form of the 
diffusivity equation for solution of Darcy’s law. 
Calculations show that the increase in reservoir 
pressure at the wells is minimal and at present rates 
of injection, the increase will be less than 20 psi 
(138 kPa) after 50 more years of injection. (See 
also W89-01564) (Author's abstract) 
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There have been over 300 hazardous waste dispos- 
al wells installed in the continental United States 
during the past two decades and approximately 200 
of these are currently operating. Less than 2% 
have caused environmental damage and current 
regulations will prevent this situation from reoc- 
curring. The most common operational problems 
associated with disposal wells is plugging of the 
injection zone. This can be caused by inadequate 
pretreatment, incompatibility of the waste effluent 
with the connate waters and/or reservoir rock, 
incompatibility of commingled effluents injected 
into a common well, biological activity and the use 
of improper or dirty completion fluids. Most dis- 
posal wells have handled one or more of these 
problems resulting in years of successful operation 
with no environmental damage. The monitoring 
systems and mechanical integrity programs re- 
quired by the federal and state UIC programs have 
an excellent record for detecting problem areas 
prior to any deleterious effects on the environ- 
ment. Most alleged well failures are merely the 
improper operation of the monitor equipment and 
do not result in any environmental hazard. Well 
monitoring systems are built to identify potential 
problems and/or failures prior to any environmen- 
tal damage. Case histories on how operational 
problems were identified and successfully eliminat- 
ed are presented. Methods of identifying potential 
problems and repairing wells are described. (See 
also W89-01564) (Author’s abstract) 
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The Du Pont chemical plant at Victoria, Texas has 
used underground injection wells for liquid wastes 
disposal for 33 years. The No. | well at the Victo- 
ria Plant was installed in 1953. The ten wells at the 
site have been operating for a total of 195 well 
years and have safely dis of 16 billion gallons 
of aqueous waste. All of the wells at the Du Pont 
site consist of a surface casing, well casing, injec- 
tion tubing, a packer providing a seal between the 
bottom of the injection tubing and the casing, and 
annulus fluid. The above ground facilities for waste 
conditioning consist of the following features: 
solids separation, pumping, and flow and pressure 
control. An ns orms visual inspection to 
determine any needed above-ground maintenance 
of the wells. After eliminating above ground 
sources of fluid loss, a hydrostatic test of the down 
hole annulus system should be performed before 
initiating workover procedures. Over the years, 
the following types of down hole repairs have been 
required at Victoria: well casings, injection tubing, 
tubing thread problems, packer seal, sand bridges, 
and formation unplugging. None of the problems 
encountered have resuited in any environmental 
or: (See also W89-01564) (Geiger-PTT) 
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In 1984 Illinois State the Department of Ener; 
and Natural Resources was required to assess 
regulations and practices of the Illinois Under- 
age Injection Control (UIC) program as it re- 
tes to Class I hazardous waste disposal wells. 
Nine injection wells, including two standbys, are 
currently in operation at seven sites. These wells 
range in depth from 1540 to 5524 feet (470 to 1683 
meters) and inject wastes mostly into porous car- 
bonate formations (two wells inject into a thick 
sandstone). In 1984, approximately 300 million gal- 
lons (1.1 billion liters) of industrial wastes were 
disposed of in these wells. Acids were the most 
common waste disposed of, although water made 
up 70 to 95% of the wastes by volume. Illinois has 
been granted primacy in operating this program. 
The geologic environment, consisting of the unit 
accepting the waste and confining units lying 
above and below, has the capacity to accept the 
waste, to retain it, and to protect all underground 
sources of drinking water (USDW) from contami- 
nation by its injection. The geology of Illinois is 
relatively simple and includes disposal zones and 
associated confining units suitable for deep-well 
injection across the central two-thirds of the state. 
The regulatory structure for Class I injection wells 
is generally adequate in concept and scope to 
ensure containment of injected wastes and to safe- 
guard underground sources of drinking water in 
Illinois. There is a need to update and strengthen 
selected portions of the regulatory practices in the 
areas of waste sampling protocol, chemical analysis 
of collected waste samples, and evaluation of well 
testing and monitoring data. (See also W89-01564) 
(Author’s abstract) 
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An array of six commercial epee wells dispose 
of liquid waste, primarily steel pickling liquor, into 
the Mt. Simon Sandstone at pressures up to 700 psi. 
The Mt. Simon Sandstone is a well cemented, very 
fine to coarse-grained, ly arkosic sandstone 
that lies at a th of approximately 2,800 feet. 
Well tests indicated that the flow capacity of the 
Mt. Simon is approximately 3,000 to 4,500 md-ft. 
Injection of 30 gallons minute into each of six 
wells at the site is calculated to cause head in- 
creases in the Mt. Simon to above land surface in 
an area approximately 16,000 feet in diameter. 
Tests of the Shady Dolomite, the unit that immedi- 
ately overlies the Mt. Simon, employed the same 
standard oil field core testing methods that were 
used on Mt. Simon samples; the lower limit of 
measurable rock permeability was 0.01 md. Exami- 
nation of thin sections of samples of the dolomite 
indicated that microfractures exist with apertures 
of approximately 0.1 mm or smaller; the fractures 
appear to be mostly filled with dolomitic cement. 
Groundwater is present in the shallow glacial de- 
posits and in the underlying Big Lime. A thick 
sequence of shale and fine- carbonate rocks 
fresh water from the i 


site is approximately 300 feet below 

Previous studies of the natural hydrod 

the Mt. Simon Sandstone indicate that hydrau- 
lic gradient within the formation is relatively flat, 
as suggested by the conflicting directions of in- 
ferred movement that have resulted from different 
assumptions of fluid density. The rates of migration 
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are estimated to be on the order of 0.5 foot or less 
per year. (See also W89-01564) (Author's abstract) 
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Mathematical modeling using analytical or numeri- 
cal methods is an essential process in injection well 
site evaluation. Modeling is necessary for estima- 
tion of pressure buildup rates at the injection well 
and pressure buildup distribution in the injection 
reservoir. As injection proceeds such modeling 
may be continued and the model adjusted to reflect 
new information on reservoir properties that is 
obtained during operation. An extensive variety of 
analytical equations and many suitable numerical 
models are available for this purpose. Modeling of 
the fate and transport of injected chemicals is less 
commonly done but can also be carried out with 
analytical equations or numerical models. The 
processes involved during contaminant transport 
include, at least, advection and dispersion and may 
also involve sorption, decay, and chemical and 
biochemical reaction. Currently available models 
can deal with advection and dispersion and, to 
some extent, with sorption and decay. However, 
no present model can incorporate the full complex- 
ity of the transport of a complex chemical waste in 
a deep, high-pressure, high-temperature, high-salin- 
ity, subsurface environment. While it is not pres- 
ently possible to fully simulate the transport of 
chemical contaminants injected through deep 
wells, the worst case situation of conservative 
chemical transport can be modeled. Future devel- 
opments in coupled transport-chemical reaction 
modeling are needed to allow incorporation of all 
important attenuation mechanisms so that a more 
realistic a of the long-term fate of ea 
chemicals can be made. (See also W89-01564) (Au- 
thor’s abstract) 

W89-01585 


ANALYSIS OF THE MIGRATION PATTERN 
OF INJECTED WASTES, 

Oklahoma Univ., Norman. School of Petroleum 
and Geological Engineering. 

For primary bibliographic entry see Field 2F. 
W89-01586 


COMPARISON OF ANALYTICAL AND NU- 
MERICAL METHODS FOR EVALUATING 
CROSS-FORMATIONAL FLOW AND SELECT- 
ING THE PREFERRED INJECTION AQUIFER, 
SWAN HILLS, ALBERTA, CANADA, 

Alberta Research Council, Edmonton. Basin Anal- 
ysis Group. 

For primary bibliographic entry see Field 2F. 
W89-01587 


INJECTION ZONE PRESSURE PROFILE, 

Du Pont de Nemours (E.I.) and Co., Victoria, TX. 
J. C. Frank. 

IN: Proceedings of the International Symposium 
on Subsurface Injection of Liquid Wastes. National 
Water Well Association, Dublin, OH. 1986. p 509- 
519, 5 fig. 


Descriptors: *Injection wells, *Wastewater dispos- 
al, *Disposal wells, *Water pressure, *Computer 
models, Mathematical models, Flow rates, Case 
studies, Texas, Monitoring. 


The Du Pont plant near Victoria, Texas, began 
using injection wells for wastewater disposal in 
1953. In 1972, a computer model was developed 
based on the Illinois State Water Survey Model to 
predict the pressure profile within the injection 
zone as a means of assuring environmental integri- 
ty. The model calculates incremental pressure in- 
creases above an initial (pre-injection) bottom hole 
pressure within a fifty square mile area surround- 
ing the injection area. Accuracy of the model was 
validated using pressures measured in a static mon- 
itoring well during a three year period. In 1974, 
the computer model was used to predict the pres- 
sure rise in the injection zone at potential points of 
communication. It showed the pressure rise at that 
time was not sufficient to lift native brine to the 
surface. However, the rate of increase would be 
potentially sufficient to do so in the future. Based 
on this information, a program was initiated to 
reduce waste injection rates into the Catahoula 
zone. Using information from the computer model, 
injection rates and, therefore, pressure in the injec- 
tion zone should remain within safe limits. (See 
also W89-01564) (Geiger-PTT) 
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A variety of mathematical models were developed 
to analyze the flow and containment of wastes 
within an injection formation from the standpoint 
of (1) area of review criteria (waste plume location 
and pressure distribution), and (2) potential for 
upward migration. These models have been ap- 
= to the specific circumstances of the Du Pont 

ictoria, Texas injection site. A new equation pro- 
vides a simple method for —— maximum 
upward permeation into an intact confining layer. 

ie density effects can be very important in influ- 
encing waste plume location and upward migration 

tential, and the models are capable of quantify- 
ng these effects. Simple flow and pressure models 
are used to establish sound technical strategies for 
estimating the extreme outer boundary of the in- 
jected waste plume, and the area over which pres- 
sure increases in the injection zone could cause 
fluid migration up an unplugged abandoned hole to 
an Underground Source of Drinking Water 
(USDW). A geological feature, often present at an 
injection site, can prevent wastes from reaching 
the USDW in a worst-case scenario. This feature is 
a stack of intervening confining layers and permea- 
ble layers sandwiched between the injection for- 


mation and the lowest USDW. (See also W89- 
01564) (Author's abstract) 
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Disposal of dilute hydrochloric acid by deep-well 
injection into carbonate formations is widely prac- 
ticed, particularly in the mid-western area of the 
United States. After examining many of the engi- 
neering aspects of this operation including injec- 
tion-well pressure drops, rates of dissolution, enth- 
alpies of neutralization, and the solubility of prod- 
uct carbon dioxide in the chloride-salt brine, we 
conclude (1) that the carbon dioxide dissolves in 
the formation brine if the injection acid does not 
exceed about 6 weight percent, (2) injection acid 
reacts close to the cavity wall and does not pene- 
trate far into either limestone or dolomite, and (3) 
temperature increases are only of the order of a 
few degrees Centigrade for the neutralization reac- 
tion (when 6 weight percent acid is used). In 
addition, limiting-case models are proposed to indi- 
cate the cavity size after various times of injection. 
A well-blowout is described and interpreted in 
terms of the geysering phenomenon; from the 
model it is possible to estimate, approximately, the 
lag time one might expect, before operational prob- 
lems arise, after a step-increase in injected-acid 
concentration. Estimated lag times are in reasona- 
ble agreement with the few experimental facts 
available. (See also W89-01564) (Author’s abstract) 
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The natural consequence of the emplacement of 
industrial waste hydrochloric acid in subsurface 
carbonate formations —— well injection, is the 
dissolution of the carbonate matrix minerals to 
yield soluble chlorides and bicarbonates by two 
consecutive, exothermic chemical reactions. Fun- 
damental considerations of the phase behavior of 
carbon dioxide, an intermediate product of the 
reaction, indicate that the safe and trouble-free 
operation of a well injecting acid into a carbonate 
formation is predicated upon one primary condi- 
tion: that the produced carbon dioxide associated 
with the fluids around the wellbore and which may 
encroach into the well be in the liquid, not gase- 
ous, state. This condition will be easily met in deep 
wells; but only if the effective temperature of the 
acid is below 88 F, the critical temperature of 





carbon dioxide. Injection of acid at higher tem- 
peratures may cause the formation of a gaseous 
carbon dioxide phase leading to vapor locks in the 
tubing, loss of well injectivity and finally, a well 
blowout. In the final analysis, the immediate threat 
to the environment from such acid disposal, is not 
so much from the products of the chemical reac- 
tion between acid and carbonate, or even from the 
possible collapse of the injection zone on account 
of its slow dissolution by acid, but rather from well 
blowouts resulting from acid injection at tempera- 
tures above 88 F. The key to the operational safety 
of such wells, thus appears to be the cooling of the 
injected acid substantially below 88 F, a condition 
now generally met, though fortuitously, during 
conventional storage of the acid in open ponds 
prior to injection. The validity of these theoretical 
considerations is illustrated by the documented 
operational history as well as the circumstances 
leading to the blowout of an example well in the 
Great Lakes Region. (See also W89-01564) (Au- 
thor’s abstract) 
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At Oak Ridge National Laboratory (ORNL) sub- 
surface injection has been used to dispose of low- 
level liquid nuclear waste for the last two decades. 
The process consists of mixing liquid waste with 
cement and other additives to form a slurry that is 
injected under pressure through a cased well into a 
low-permeability shale at a depth of 300 m (1000 
ft). The slurry spreads from the injection well 
along bedding plane fractures and forms solid 
grout sheets of up to 200 m (660 ft) in radius. Using 
this process, ORNL has disposed of over 1500,000 
Ci of activity; the principal nuclides are Sr90 and 
Cs137. In 1982, a new injection facility was put 
into operation. Each injection, which lasts some 
two days, results in the emplacement of approxi- 
mately 750,000 1 (180,000 gal) of slurry. Disposal 
cost per liter is approximately $0.30, including 
capital costs of the facility. This subsurface dispos- 
al process is fundamentally different from other 
operations. Wastes are injected into a low-perme- 
ability aquitard, and the process is designed to 
isolate nuclides, preventing dispersion in ground- 
waters. The porosity into which wastes are inject- 
ed is created by hydraulically fracturing the host 
formation along bedding planes. The site is in the 
structurally complex Valley and Ridge Province. 
The stratigraphy consists of lower Paleozoic rocks. 
Investigations are under way to determine the 
long-term hydrologic isolation of the injection 
zone and the geochemical impact of saline ground- 
water on nuclide mobility. Injections are moni- 
tored by gamma-ray logging of cased observation 
wells to determine grout sheet orientation after an 
injection. Recent monitoring work has involved 
the use of tiltmeters, surface uplift surveys, and 
seismic arrays. Recent regulatory constraints may 
cause permanent cessation of the operation. Feder- 
al and state statutes, written for other types of 
injection facilities, impact the ORNL facility. This 
disposal process, which may have great applicabil- 
ity for disposal of many wastes, including hazard- 
ous wastes, may not be developed for future use. 
(See also W89-01564) (Author’s abstract) 
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Currently Underground Injection Control (UIC) 
Programs are being reviewed by various state and 
federal agencies. This review may result in addi- 
tional treatment requirements of the waste prior to 
deep well disposal or a total ban of deep-well 
injection of hazardous wastes. A ban of deep well 
injection would result in disposal to a receiving 
stream or publicly owned treatment works 
(POTW), recycle/recovery, incineration or solidi- 
fication/fixation. Regardless of the disposal 
method, some level of treatment will be required. 
Eight categories of liquid wastes, each represent- 
ing a class of chemical contaminants sharing the 
same general characteristics, were identified. The 
most successful treatment technologies that have 
been applied for each category of waste were 
presented. The treatment technologies were evalu- 
ated to allow federal and state regulatory agencies, 
consultants, and plant engineers to apply the tech- 
nologies to a particular waste stream. The technol- 
Ogies evaluated in the report ranged from common 
methods such as pH neutralization to advanced 
processes such as membrane separation (e.g., re- 
verse osmosis and electrodialysis). Each treatment 
technology presented in this report has certain 
capabilities and limitations. For example, sulfide 
precipitation for removal of heavy metals produces 
a better effluent quality than hydroxide precipita- 
tion, but the sulfide reagent is more difficult to 
handle. Air stripping is more economically attrac- 
tive than carbon adsorption for removal of high 
concentrations of volatile organic compounds. 
Therefore, it should be used prior to carbon ad- 
sorption. The disadvantage of aerobic biological 
processes for treatment of organic wastes is the 
generation of biological solids, whereas anaerobic 
treatment produces much less solids. In addition 
disposal of liquid aqueous wastes may employ sev- 
eral treatment technologies prior to discharge into 
a deep well system, to a receiving stream or to a 
POTW. (See also W89-01564) (Author’s abstract) 
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The Underground Injection Control (UIC) Pro- 
grams are currently being reviewed by federal and 
state regulatory agencies. This review may result 
in either minor regulatory changes in the UIC 
program, elimination of disposal by underground 
injection, or treatment required prior to deep well 
injection. Regardless, the total annual costs will 
increase as a result of changes to existing UIC 
programs. The total annual costs associated with 
treatment of liquid aqueous wastes can be divided 
into (1) total capital investment which is the one- 
time engineering and construction costs of the 
project, (2) the direct operating costs which are 
the annual costs for labor, power, materials, fuel 
and chemicals and (3) other costs which include 


taxes and insurance, overhead, depreciation, inter- 
est, and general and administrative expenses. To 
develop total annual costs several assumptions 
such as the level of treatment required and the 
method of disposal must be determined. The costs 
associated with the various treatment technologies 
are a function of the influent flowrate or mass 
loading. Where treatment technologies such as 
metal precipitation, reverse osmosis, ion exchange, 
or evaporation only concentrate a waste contami- 
nant, a cost must be assigned to dispose of the 
spent brine by technologies such as solidification/ 
fixation. Other technologies such as chemical oxi- 
dation, pH neutralization or carbon adsorption 
generally do not result in a residue that must be 
disposed. The total annual costs developed were 
applied to seven industries in Illinois that dispose 
of aqueous wastes by deep well injection. The 
capital investment cost for the industries ranged 
from 2.0 to 7.0 million dollars. The annual costs 
were estimated to range from 3.2 to 26.9 million 
dollars. The cost data developed by this study can 
be used to establish the economic costs for other 
wastes that are currently disposed by injection 
wells. (See also W89-01564) (Author’s abstract) 
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The 1984 amendments to the Resource Conserva- 
tion and Recovery Act (RCRA) mandate that as of 
August 1988, EPA must prohibit the disposal of 
specified hazardous wastes in underground injec- 
tion wells unless the Administrator determines the 
prohibition is not required in order to protect 
human health and the environment for as long as 
the waste remains hazardous. There are a number 
of research needs which must be addressed in 
order to make such determinations which may be 
favorable to continued underground injection. This 
paper reviews the research needs recognized by a 
number of individuals concerned with subsurface 
injection. Broadly, these are categorized as those 
concerned with advances in technology, confine- 
ment, hydrogeology and subsurface flow, geo- 
chemistry and waste transport and fate, monitor- 
ing, and risk analysis. Specific items are discussed 
and a rough prioritization is suggested. (See also 
W89-01564) (Author's abstract) 
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An overview of synthetic liners, called flexible 
membrane liners (FMLs), as used in the contain- 


ment of solid wastes and their leachates in landfills 
is presented. The major types of FMLs in current 
use (plastics, rubbers, and combinations of materi- 
als) are discussed. Tests for chemical compatibility 
of the FML and the waste it is to contain can take 
the form of immersion tests, tub tests or pouch 
tests. The design criteria to be considered once the 
liner material has been selected include geometric 
configurations, cross section for leachate collection 
systems, thickness, side slopes, cover soil, runout 
length and anchor trench, and caps and closures to 
prevent infiltration. Construction details such as 
seams, seam inspection, and leak location methods 
are discussed. Areas of concern, which should be 
addressed as soon as possible, are: (1) development 
of test methods simulating in-service behavior of 
the FML; (2) development of test methods and 
standards for FMLs; (3) procedures for synthesiz- 
ing landfill leachates, (4) test procedures for pre- 
dicting chemical compatibility, including acceler- 
ated ageing tests; (5) automated field seaming 
methods; (6) more reliable and easier to use field 
seam test methods; and (7) development of leak 
location methods. (See also W89-01634) (Author’s 
abstract) 
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The immobilization of industrial and hazardous 
wastes in cement-based grouts is shown to be tech- 
nically feasible and offers an improved method of 
waste disposal. Experiments were performed on 
four simulated waste streams immobilized in 
cement-based grouts: (1) fly ash; (2) spent lime- 
stone scrubber solids; (3) pickling liquor and recov- 
ery sludge containing arsenic, cadmium, chromi- 
um, copper, manganese, and lead; and (4) a 
vacuum pump oil containing polychlorinated bi- 
phenyls (PCBs), Lindane (hexachlorocyclohex- 
ane), pentachlorophenol, and 9-9’-dichlorofluor- 
ene. The classes of organic compounds represented 
by this fourth waste are PCB, chlorinated cyclo- 
hexane, chlorinated phenol, and PNA. Leach tests 
were performed with a simulated groundwater 
typical of aquifers found in Maryville limestone. 
(See also W89-01634) (Author’s abstract) 
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The results from a round-robin testing program to 
evaluate the paint filter test method developed by 
the U.S. Environmental Protection agency (EPA) 
to determine whether a waste contains free liquid 
are presented. Regulations prohibiting disposal of 
waste containing free liquids in landfills were the 
impetus for developing the test method. Six labora- 
tories performed the paint filter test on four waste 
samples to determine (1) whether the waste con- 
tained free liquid and (2) the percent free liquid 
released by the waste. The four waste samples 
were from two wastes; one waste was mixed with 
three different amounts of water to provide three 
waste samples. The results show a large variance 
between the laboratories. The large variance is 
attributed mainly to sample preparation. The par- 
ticipating laboratories noted two other major prob- 
lems with the test: (1) separation of the mesh from 
the cardboard filter holder during testing and (2) 
differences in filter design, which could influence 
test results. (See also W89-01634) (Author's ab- 
stract) 
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Federal, state, and local rules and regulations often 
affect even small generators of waste materials. 
Chemical laboratories are perfect examples with a 
need to develop procedures to dispose of small 
quantities of laboratory wastes in a safe and envi- 
ronmentally acceptable manner. Recognizing a 
need, the American Society for Testing and Mate- 
rials D-34 committee on waste disposal created its 
Subcommittee D34.01.05 on Sample Disposal with 
the direct responsibility for developing guidelines 
for laboratories. While it was impossible to address 
the disposal of all wastes from all types of labora- 
tories, the guidelines did address the more common 
laboratory waste streams. They are applicable, but 
not limited to, analytical chemistry, process con- 
trol, and research or life science laboratories. The 
recommended guidelines for disposal cover the 
following topics: (1) the classification of waste for 
shipping and manifesting by common or generic 
name and by Department of Transportation re- 
quirements; (2) the segregation of wastes for recov- 
ery, pretreatment, or disposal; (3) the procedures 
for recovery of materials, or to render them nonha- 
zardous and amenable for landfilling or in-house 
disposal, or to prepare them for disposal in author- 
ized chemical disposal sites; and (4) the designation 
of a specific recovery or pretreatment and disposal 
method for each type of waste. (See also W89- 
01634) (Author’s abstract) 
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POSAL ACTIVITIES: A CASE STUDY, 
Geological Survey, Baton Rouge, LA. 

For primary bibliographic entry see Field 5B. 
W89-01670 


CASE STUDY OF THE EFFECTS OF BRINE 
ON A COMPACTED CLAY TILL LINER, 
Golder Associates, Vancouver (British Columbia). 
For primary bibliographic entry see Field 8D. 
W89-01671 


SWAN HILLS FACILITY OF ALBERTA SPE- 
CIAL WASTE MANAGEMENT CORPORA- 
TION: EVALUATION FOR DEEP WASTE DIS- 
POSAL, 

Alberta Research Council, Edmonton. 

B. Hitchon, C. M. Sauveplane, S. Bachu, and A. T. 
Lytviak. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 115-121, 7 fig, 1 tab, 6 ref. 


Descriptors: *Model studies, *Underground waste 
disposal, *Injection wells, *Disposal wells, *Geo- 
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hydrology, *Waste management, *Waste disposal, 
*Aquifers, Economic aspects, Mathematical 
models, Simulation analysis, Stratigraphy, Ground- 
water, Flow, Alberta, Canada. 


A detailed hydrogeological study was carried out 
in a region defined as Tp 62-74, R 1-13, W5 Mer in 
north central Alberta, comprising 15,760 sq km 
effectively centered on the Special Waste Injection 
Site of the Alberta Special Waste Management 
Corp. The objective was the selection of aquifers 
for environmentally safe disposal of mine wastes. 
The 9-step approach included (1) identification of 
the major hydrogeological and economic con- 
straints, (2) an analysis of the natural flow system 
for all hydrostratigraphic units between the Lower 
Cretaceous Viking Sandstone Aquifer and the Pre- 
cambrian basement, (3) numerical simulation of the 
flow in effectively the entire Phanerozoic sequence 
to obtain conformance with the natural flow 
system, and (4) perturbation of the numerical 
model at an injection rate of 225 cu m/d in two 
potential injection aquifers to test the degree of 
confinement of the pressure build-up. The study 
was based on examination and interpretation of 
stratigraphic information from 3,276 wells, 635 
drillstem tests, 3,477 core analyses, and 645 forma- 
tion water analyses from the files of the Energy 
Resources Conservation Board, using specialized 
software developed by the Basin Analysis Group, 
and the three-dimensional finite element ground 
water model FE3DGW. The preferred injection 
unit is the basal portion of the Wabamun-Winter- 
burn Aquifer, with the Basal Cambrian Sandstone 
as a less-desirable back-up injection aquifer. (See 
also W89-01661) (Author’s abstract) 

W89-01673 


COMPARISON OF LANDFILL DESIGN AL- 
TERNATIVES BASED ON GROUND WATER 
FLOW MODELING, 

Gartner Lee Associates Ltd., Markham (Ontario). 
R. G. McLaren, S. C. Hollingshead, and K. G. 
Kennedy. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 171-175, 8 fig, 1 tab, 14 ref. 


Descriptors: *Landfills, *Aquifers, *Groundwater 
movement, *Model studies, *Geohydrology, Finite 
element method, Computer models, Water table, 
Comparison studies, Spring water, Seep water, 
Leachates, Environmental protection. 


Hydrogeologic performance must be considered a 
key aspect of engineered landfill design in order to 
maximize environmental protection. A two-dimen- 
sional finite-element computer model was used to 
generically compare impacts of the ground water 
flow system for three landfill design configura- 
tions: above-ground, shallow entombed and con- 
ventional. Site conditions that were simulated con- 
sisted of thick, fine-grained soil deposits underlain 
by an aquifer. Baseline hydrogeology was estab- 
lished by modeling the initial site conditions until 
good agreement was reached with hydrogeologic 
field studies of similar sites in southwestern Ontar- 
io. Each of the three landfill configurations was 
superimposed on the baseline model. Ground 
water flow was predicted according to potential 
water table conditions in the landfill, in both the 
passive and active operational mode. The use of an 
active leachate collection system allows the water 
table in any of the three design configurations to be 
manipulated. Reduced hydraulic head in the land- 
fill minimizes the impact on the surrounding 
ground water flow system. However, in the pas- 
sive mode or in the long-term when active leachate 
collection systems may not be relied upon, the 
shallow entombed configuration produced the least 
flow of leachate from the landfill. The shallow 
entombed alternative also demonstrated the least 
tendency to produce leachate springs or seeps at 
the landfill surface. In all cases the cover system 
proved a key design element since it directly af- 
fected the rate of leachate generation. These re- 
sults demonstrate that this method of analysis is an 
effective technique for site-specific landfill design 
which can provide valuable guidelines to design 
engineers. (See also W89-01661) (Author's ab- 
stract) 
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W89-01680 


STATUS REPORT: THE USE OF ENGI- 
NEERED COVERS AT WASTE DISPOSAL 
SITES, 

Golder Associates, Mississauga (Ontario). 

T. A. Mclelwain, and D. W. Reades. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 176-182, 7 fig, 4 ref. Environ- 
ment Canada DSS Contract 52SS. KE 145-4-0341. 


Descriptors: *Waste disposal, *Waste management, 
*Underground waste disposal, *Environmental en- 
gineering, Covers, Design, Construction, Perform- 
ance evaluation, Hazardous materials. 


A recent study commissioned by the Waste Man- 
agement Branch of Environment Canada has eval- 
uated the current state-of-the-art in the field of 
engineered final cover systems at North American 
and western European waste management facili- 
ties. Details of design, construction and perform- 
ance monitoring at specific waste management 
sites, where specially engineered final cover sys- 
tems have been installed, were solicited by means 
of an industry user questionnaire sent to more than 
100 contacts active in the waste management field. 
The study findings are illustrated by means of field 
examples of cover applications installed over vari- 
ous types of waste in various environments and 
designed to meet site-specific criteria. Based on the 
information collected, it appears that covers made 
of compacted natural materials alone are inad- 
equate in the long term, whereas covers using 
augmented soils or synthetic membranes show the 
greatest potential for widespread use based on ob- 
served performance. Reported failure mechanisms 
associated with evolving design requirements of 
cover applications to meet specific objectives are 
being investigated at numerous government, indus- 
try and academic institutions. The recent study 
findings have identified specific aspects of engi- 
neered cover design, construction and perform- 
ance monitoring that would benefit from additional 
research. (See also W89-01661) (Author's abstract) 
W89-01681 


EVALUATING THE EFFECTIVENESS OF AN 
ASPHALT CAP AT A SUPERFUND SITE, 

JRB Associates, Inc., McLean, VA. Ground 
Water Section. 

E. W. Repa. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 183-191, 3 fig, 6 tab, 10 ref. 
Environmental Protection Agency Contract 68-03- 
3113, Work Assignment No. 39-5. 


Descriptors: *Waste disposal, *Materials, *Waste 
management, *Environmental engineering, *Un- 
derground waste disposal, Asphalt caps, Design, 
Construction, Performance evaluation, Hazardous 
materials. 


An asphalt concrete cap was installed on a portion 
of a Superfund site as a temporary remedial action 
to reduce the amount of precipitation contacting 
the contaminated portions of the site and subse- 
quently running off or infiltrating through the sur- 
face. To determine the effectiveness of the cap in 
achieving these objectives, asphalt cores were 
taken from selected areas to be tested to determine 
their permeability and percent air voids. These 
data were compared to published values of perme- 
ability and percent air voids for hydraulic asphalt 
concretes. Study results showed that the cap did 
not achieve the desired objectives of the remedial 
action. The emplaced asphalt cap was found to be 
highly permeable (.14 cm/sec), permeabilities were 
consistent across the cap regardless of sampling 
location (mats versus joints), and permeabilities 
were directly related to percent air voids. In order 
to effectively install an impermeable asphalt con- 
crete cap, the following design and construction 
criteria are recommended: (1) maintaining asphalt 
content between 6-9.5%, (2) maintaining mineral 
filler content between 8-13%, (3) matching coarser 
aggregates to compacted depth to ensure proper 
compaction without bridging of the aggregate, (4) 
compacting the asphalt concrete to 4% or less air 


voids, (5) preparing a proper subgrade to drain the 
water under the pavement and provide a stable 
foundation, (6) sloping the joint edges at a 1:1 slope 
to ensure proper compaction, (7) applying a tack 
coat to joint edges to ensure bonding, (8) sealing 
the surface with an asphalt sealer, and (9) prepar- 
ing test samples for laboratory and field testing. 
(See also W89-01661) (Author's abstract) 
W89-01682 


GROUND WATER CONTAMINATION ASSO- 
CIATED WITH WASTE DISPOSAL INTO A 
WATER-FILLED OPEN-PIT COAL MINE, 
Alberta Environment, Edmonton. 

For primary bibliographic entry see Field 5B. 
W89-01683 


RISK ASSESSMENT OF DEEP WELL INJEC- 
TION SYSTEMS, 
Underground Resource Management, Inc., Austin, 


R. T. Kent, and M. E. Bentley. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 233-242, 1 fig, 37 ref. 


Descriptors: *Disposal wells, *Path of pollutants, 
*Injection wells, *Underground waste disposal, 
*Liquid wastes, *Industrial wastes, *Groundwater 
pollution, Contamination, Risk assessment, Hazard- 
ous materials. 


Injection wells have been used to dispose of liquid 
wastes for more than 50 years. In 1984 there were 
more than 450 industrial waste disposal wells in the 
U.S. Thousands of additional injection wells dis- 
pose of brine produced in association with oil or 
gas. As part of the current national reevaluation of 
the viability of injection wells, past failures should 
be reassessed to determine the adequacy of current 
technology and regulation to prevent their recur- 
rence. Although a significant body of literature 
exists concerning the engineering of injection well 
systems, little has been published concerning the 
technical or geologic aspects of injection well fail- 
ures. This paper gives several examples of each of 
the primary types of failures that have occurred in 
the past. The case histories reviewed include wells 
located in Ontario, Pennsylvania, Colorado, Texas, 
Alabama, Ohio, Florida and New York. Failure 
occurrences generally fall into 5 categories. These 
are: (1) leakage from the well; (2) upward migra- 
tion through nearby wellbores; (3) upward migra- 
tion through channels in the cement adjacent to 
the casing or wellbore of the injection well; (4) 
upward migration through faults or fractures; and 
(5) generation of seismic activity. Many failures 
have not led to contamination of the environment. 
This lack of contamination was, in many instances, 
due as much to fortuitous geologic conditions as to 
design criteria. The experience learned from these 
case histories, however, can be used to develop 
safer siting, design, and operating programs for 
injection wells. (See also W89-01661) (Author's 
abstract) 

W89-01688 


DEEP-WELL DISPOSAL FORMATIONS, A 
VALUABLE RESOURCE, 

Williams Bros. Engineering Co., Tulsa, OK. 

R. W. Amstutz. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 243-246, 2 fig, 2 ref. 


Descriptors: *Injection wells, *Underground waste 
disposal, *Liquid wastes, *Disposal wells, *Indus- 
trial wastes, *Chemical industry, *Oil industry, 
Hazardous materials, Operating costs, Well regula- 
tions. 


Some geological formations have the required 
characteristics for safe, permanent storage of liquid 
hazardous wastes. They are effectively sealed and 
separated from the overlying shallow fresh waters. 
Disposal of oil-field brines into deep wells for the 
past 50-60 years was a good concept but it often 
was carelessly carried out causing considerable 
environmental damage. Industrial disposal wells 
installed today, in compliance with EPA and state 
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regulations, pose almost zero risk to the environ- 
ment. There were 195 active Class I wells in 
operation in 1984, 2/3 of them in Texas and Louisi- 
ana. Approximately 1/2 of the wastes is from man- 
ufacturers of organic chemicals and 1/4 from pe- 
troleum refiners. There are 15 characteristics 
which are needed for the ideal disposal formation. 
The Arbuckle Formation in Oklahoma and some 
surrounding states is one of the formations that has 
all of these criteria. Installation costs of approved 
disposal well systems may cost $500,000 to 
$1,500,000 or more. Operating costs for large sys- 
tems are in the range of 0.2 cents per gallon (.05 
cents per liter) or more. Three decades of relative- 
ly safe experience in deep-well injection compared 
with the poor record of lagoons, landfills, dumps 
and ponds confirms that careful injection into Class 
I wells is an appropriate procedure for permanent 
disposal of hazardous liquid wastes. (See also W89- 
01661) (Author’s abstract) 

W89-01689 


EVALUATION OF HAZARDOUS LIQUID 
WASTE DISPOSAL, 

Illinois State Geological Survey Div., Champaign. 
R. D. Brower, I. Krapac, B. R. Hensel, A. P. 
Visocky, and G. R. Peyton. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 247-254, 8 fig, 8 ref. 


Descriptors: *Injection wells, *Underground waste 
disposal, *Liquid wastes, *Industrial wastes, *Con- 
tamination, Well regulations, Hazardous materials, 
Surface runoff, Monitoring, Illinois. 


Illinois currently has 9 Class I injection wells at 7 
industrial sites, where liquid industrial wastes are 
injected into geologic formations at depths ranging 
from 470 to 1683 m (1540 to 5524 ft). This disposal 
practice began 20 years ago. The Illinois State 
Legislature recently mandated an evaluation of the 
adequacy of the Underground Injection Control 
(UIC) program. The Illinois State Geological 
Survey and the Illinois State Water Survey are 
assessing: (1) current regulations and regulatory 
practices for Class I wells, (2) amount and chemi- 
cal character of the injected wastes, (3) construc- 
tion and monitoring practices of disposal well fa- 
cilities, (4) geologic settings of deep-well injection, 
(5) environmental and economic impacts of alter- 
native disposal options. Injection of industrial 
wastes in Illinois totals approximately 1.1 million 
cu m (300 million U.S. gallons) annually. The 
chemical character of these wastes is quite diverse, 
ranging from very alkaline chlorinated organics 
with pH of 13 to acidic inorganic salts with pH of 
<2. Contaminated surface runoff from plant facili- 
ties represents a significant fraction of the injected 
waste volume. Historically, there have been few 
operational difficulties with most of these wells 
and any losses from disposal systems have been 
limited to minor leakages upstream from well 
heads. Recently adopted regulations, coupled with 
increasing interest in more comprehensive moni- 
toring of all phases of hazardous waste disposal, 
are requiring careful evaluation of all aspects of 
deep-well disposal of these wastes. This may neces- 
sitate upgrading of regulatory practices to meet the 
intent of the regulations, particularly in certain 
areas of monitoring. (See also W89-01661) (Au- 
thor’s abstract) 

W89-01690 


USE OF BIOASSAY AND ASSOCIATED TESTS 
IN DREDGED MATERIAL AND DISPOSAL 
MANAGEMENT, 

Corps of Engineers, Vicksburg, MS. 

For primary bibliographic entry see Field 5B. 
W89-01722 


ECOLOGICAL CONSIDERATIONS IN WET- 
LANDS TREATMENT OF MUNICIPAL 
WASTEWATERS. 

For primary bibliographic entry see Field 5D. 
W89-01827 





WETLAND SYSTEMS FOR WASTEWATER 
TREATMENT: ENGINEERING APPLICA- 
TIONS, 

Ramlit Associates, Inc., Berkeley, CA. 

For primary bibliographic entry see Field 5D. 
W89-01828 


DESIGN AND USE OF ARTIFICIAL WET- 
LANDS, 

Ontario Ministry of the Environment, Toronto. 
Policy and Planning Branch. 

For primary bibliographic entry see Field 2H. 
W89-01829 


MOSQUITO CONSIDERATIONS IN THE 
DESIGN OF WETLAND SYSTEMS FOR THE 
TREATMENT OF WASTEWATER, 

Dewante and Stowell, Sacramento, CA. 

For primary bibliographic entry see Field 5D. 
W89-01830 


CONSIDERATIONS FOR WETLAND TREAT- 
MENT OF SPENT GEOTHERMAL FLUIDS, 
CH2M, Inc., Portland, OR. 

For primary bibliographic entry see Field 5D. 
W89-01831 


ENERGY FLOW IN WETLANDS, 

Massachusetts Univ., Amherst. Dept. of Forestry 
and Wildlife Management. 

For primary bibliographic entry see Field 5D. 
W89-01834 


WASTEWATER INPUT TO COASTAL WET- 
LANDS: MANAGEMENT CONCERNS, 

San Diego State Univ., CA. Dept. of Biology. 
For primary bibliographic entry see Field 5D. 
W89-01835 


COMPARISONS OF THE PROCESSING OF 
ELEMENTS BY ECOSYSTEMS, I: NUTRI- 


ENTS, 

Cornell Univ., Ithaca, NY. Ecosystems Research 
Center. 

For primary bibliographic entry see Field 2H. 
W89-01836 


EFFECT OF NATURAL HYDROPERIOD 
FLUCTUATIONS ON FRESHWATER WET- 
LANDS RECEIVING ADDED NUTRIENTS, 
Department of Fisheries and Oceans, Winnipeg 
(Manitoba). Freshwater Inst. 

For primary bibliographic entry see Field 5D. 
W89-01838 


SIGNIFICANCE OF HYDROLOGY TO WET- 
LAND NUTRIENT PROCESSING, 

Massachusetts Inst. of Tech., Cambridge. Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 5D. 
W89-01839 


TERRESTRIAL COMMUNITIES: FROM 

MESIC TO HYDRIC, 

pore Green State Univ., OH. Dept. of Biologi- 
Sciences. 

W. B. Jackson. 

IN: Ecological Considerations in Wetlands Treat- 

ment of Municipal Wastewaters. Van Nostrand 

— New York. 1985, p 224-230, 1 

tab, : 


Descriptors: “Wetlands, *Wetlands treatment, 
“Water Pn effects, *Wastewater disposal, 
*Land Ecological effects, Ecosystems, 
A. Birds, Mammals, Foreests, Peat bags, 
Wastewater irrigation, Viruses. 


Changes in animal and plant communities in four 
areas used for wastewater effluent disposal are 
described. Two of the disposable areas were wood- 
land sites; in the third case, clarified effluent was 
used for crop irrigation and the fourth case used 
peatland for effluent disposal. The potential for 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Ultimate Disposal Of Wastes—Group 5E 


biomagnification through the animal community 
remains a concern of unknown dimensions. Both 
birds and small mammals are known reservoirs for 
several of the viral encephalitides. Enteric orga- 
nisms are of obvious concern. However, in the 
peatland project, the peatland itself contained mod- 
erate levels of nonfood coliforms, and it was decid- 
ed that no chlorination of the effluent was neces- 
sary. In a decade-long study of one small woodlot, 
soil moisture levels in the spring and late summer 
were especially critical for seed germination and 
seedling survival, respectively. Interactions with 
soil type, soil chemistry, and topography also oc- 
curred. Consequently, the composition of the her- 
baceous community and the availability of woody 
seedlings could shift dramatically, and a single 
series of quadrat data could result in a nonrepre- 
sentative assessment of the community. Enrich- 
ment and enhancement of these environments may 
have other impacts. Usually focuses of efforts are 
on ‘damaged’ ecosystems, on subclimax or discli- 
max communities, on cut-over or scrub environ- 
ments. Even so, community structure is present, 
and environmental inputs will influence those com- 
munities and ecosystems. Even though a ‘degrad- 
ed’ environment may be affected, the objective can 
be enhancement rather than further degradation or 
increasing environmental hazard. (See also W89- 
01827) (Lantz-PTT) 

W89-01841 


VEGETATION IN WETLANDS RECEIVING 
SEWAGE EFFLUENT: THE IMPORTANCE OF 
THE SEED BANK, 
Smithsonian Environmental 
Edgewater, MD. 

For primary bibliographic entry see Field 5D. 
W89-01842 


Research Center, 


PUBLIC HEALTH IMPLICATIONS OF 
SEWAGE APPLICATIONS ON WETLANDS: 
MICROBIOLOGICAL ASPECTS, 

Massachusetts Univ. at Boston. Dept. of Biology. 
For primary bibliographic entry see Field SC. 
W89-01843 


WILDLIFE HEALTH IMPLICATIONS OF 
SEWAGE DISPOSAL IN WETLANDS, 

National Wildlife Health Lab., Madison, wl. 

M. Friend. 

IN: Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. Van Nostrand 
Reinhold Company, New York. 1985. p 262-269, 
21 ref. 


Descriptors: *Environmental impact, *Wetlands 
treatment, *Wildlife, *Wastewater —— *Wet- 
lands, *Pathogens, Water pollution effects, Envi- 
ronmental effects, Chemical properties, Physical 
properties, Animal diseases, Marshes. 


Wildlife health concerns associated with disposal 
of — effluent in wetlands are of three primary 
types: (1) introduction of pathogens, (2) introduc- 
tion of pollutants that adversely impact on host 
body defense mechanisms, and (3) changes in the 
physical and chemical properties of wetlands that 
favor the development and maintenance of disease 
problems. Unlike the situation with human health 
concerns, introduction of pathogens is not the 
major concern regarding wildlife health. Instead, 
the focus of attention needs to be directed at 
environmental changes likely to take place as m 
result of effluent discharges into different ty 
wetlands. Unless these changes are adequate 
dressed from a disease perspective, poe on uti- 
lized for sewage dis could become disease 
incubators and wildlife death traps. This result 
would be unfortunate Cesente the backlash — 
likely negate the potentially beneficial aspects o' 
the use of sewage wastewater for the creation of 
new wetlands and have a severe impact on 

progress being made towards evaluation of the 
compatibility of wildlife and sewage effluents. (See 
=. hes i 7) (Lantz-PTT) 


MICROBIOLOGICAL STUDIES OF MUNICI- 
PAL WASTE RELEASE TO AQUATIC ENVI- 
RONMENTS, 


Maryland Univ., College Park. Dept. of Microbi- 
ology. 

For primary bibliographic entry see Field 5D. 
W89-01845 


MICROBIAL TRANSFORMATIONS OF DE- 
TRITAL CARBON IN WETLAND ECOSYS- 
TEMS: EFFECTS OF ENVIRONMENTAL 
STRESS, 

Georgia Univ., Athens. Dept. of Microbiology. 
For primary bibliographic entry see Field 5D. 
W89-01846 


AGING PHENOMENA IN WASTEWATER 
WETLANDS, 
Michigan Univ., Ann Arbor. Dept. of Chemical 
Engineering. 
For primary bibliographic entry see Field 5D. 
W89-01850 


ECOLOGICAL EVALUATION PROCEDURE 
FOR DETERMINING WETLAND SUITABIL- 
ITY FOR WASTEWATER TREATMENT AND 
DISCHARGES, 

Southeast Wisconsin Regional Planning Commis- 
sion, Waukesha. 

For primary bibliographic entry see Field 5D. 
W89-01852 


MANAGEMENT POTENTIAL FOR NUTRIENT 
REMOVAL IN FORESTED WETLANDS, 

East Carolina Univ., Greenville, NC. Dept. of 
Biology. 

For primary bibliographic entry see Field 5D. 
W89-01853 


WETLAND-WASTEWATER ECONOMICS, 
Williams and Works, Grand Rapids, MI. 

For primary bibliographic entry see Field 5D. 
W89-01854 


COMPARATIVE TOXICITY OF WHOLE AND 
LIQUID PHASE SEWAGE SLUDGES TO 
MARINE ORGANISMS, 

EA Engineering, Science, and Technology, Inc., 
Sparks, MD. 

For primary bibliographic entry see Field 5C. 
W89-01945 


APPROACH TO SEWAGE SLUDGE BIOACCU- 
MULATION POTENTIAL 

Ecological Analysts, Inc., Sparks, MD. 

For primary bibliographic entry see Field SC. 
W89-01946 


STATISTICAL TEST PROCEDURE FOR EF- 
FLUENT TOXICITY SCREENING, 

SCI Data Systems, Inc., Annapolis, MD. 

For primary bibliographic entry see Field 5A. 
W89-01949 


ISOLATION AND CHEMICAL CHARACTER- 
IZATION OF PETROLEUM 

WASTEWATER _ FRACTIONS 
LETHAL TO DAPHNIA MAGNA, 
Enwright Labs., Greenville, SC. 
For primary bibliographic entry see Field 5A. 
W89-01950 


REFINERY 
ACUTELY 


IMPLICATIONS OF WASTE DISPOSAL IN 
COASTAL WATERS ON FISH POPULATIONS, 
National Marine Fisheries Service, Beaufort, NC. 
Beaufort Lab. 

For primary bibliographic entry see Field 5C. 
W89-01954 


PROCEEDINGS OF THE 42ND INDUSTRIAL 
WASTE CONFERENCE, 

For primary bibliographic entry see Field 5D. 
W89-02006 
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IMPLEMENTATION AND ENFORCEMENT 
OF AN INDUSTRIAL WASTE PRETREAT- 
MENT PROGRAM IN ORLANDO, FLORIDA, 
Orlando, FL. 

For primary bibliographic entry see Field 5D. 
W89-02008 


COST ALLOCATION AT SUPERFUND SITES, 
Environmental Resources Management-North 
Central, Inc., Deerfield, IL. 

For primary bibliographic entry see Field 5G. 
W89-02009 


COOPERATIVE EFFORT TO REMEDIATE A 
HISTORICAL PCB DISPOSAL SITE, 

Aluminum Co. of America, Davenport, IA. Dav- 
enport Works. 

For primary bibliographic entry see Field 5G. 
W89-02010 


MANUFACTURED GAS WASTE DISPOSAL 
INVESTIGATIONS. TWO CASE STUDIES IN 
IOWA, 

Wisconsin Dept. of Natural Resources, Madison. 
For primary bibliographic entry see Field 5B. 
W89-02011 


STABILIZATION OF A THERMALLY SENSI- 
TIVE NITRO-COMPOUND WASTE, 

Air Products and Chemicals, Inc., Allentown, PA. 
Chemicals Div. 

K. B. Adams. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 75-84, 6 fig, 5 tab, 7 ref. 


Descriptors: *Wastewater treatment, ‘*Stabiliza- 
tion, *Hazardous wastes, *Nitrogen compounds, 
*Waste disposal, Landfills, Regulations, Pilot 
plants. 


A stabilization process for thermally sensitive 
nitro-compound wastes was developed and opti- 
mized satisfying the initial disposal criteria of: (1) 
an irreversible chemical reaction of the free-liquid 
water; (2) a stabilization recipe which allowed 
— in conventional solids blending equip- 
ment; and (3) a stabilized waste product with the 
physical and chemical characteristics — 
regulatory agency and landfill operator dis 

yo ge nay Thermal analysis techniques identi- 
ted the increased decomposition sensitivity of 
alkali-stabilized wastes. Small scale laboratory ex- 
periments effectively predicted the exotherms of 
stabilization reactions and established stabilization 
agent specifications to mitigate excessive tempera- 
ture rise. Pilot testing was critical in refining the 
stabilization recipe to meet processing limitations 
of commercial scale equipment. The result was a 
safe and effective stabilization process to remove 
and dispose thermally sensitive waste and permit 
ultimate closure of the Resource Conservation a 
Recovery Act surface impoundment. (See also 
W89-02006) (Lantz-PTT) 

W89-02014 


IMPROVING STABILITY OF A PAPER MILL 
SLUDGE, 
Wisconsin Dept. of Natural Resources, Madison. 
For primary bibliographic entry see Field 5D. 
W89-02021 


USE OF CHRONIC BIOASSAYS FOR PULP 
~ PAPER MILL EFFLUENTS IN WISCON- 
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IBM contracted, in the fall of 1985, for a study to 
evaluate all of the waste-producing processes at its 
Austin, Texas, facility for potential ways to im- 
prove waste management, principally through 
waste reduction. The objective of this effort cen- 
tered around a comprehensive and thorough eval- 
uation of alternative waste management proce- 
dures for each waste streams, motivated by poten- 
tial savings on waste management costs but also 
the reduction of liability at disposal sites. The 
processes at the plant generate a variety of hazard- 
ous and nonhazardous wastes. In terms of volume, 
the largest category of wastes is process 
wastewater. Another large volume waste is 
wastewater treatment sludge generated from the 
onsite facility. Other types of wastes include spent 
solvents, used oil, scrap copper, laboratory wastes, 
soldering residues, and dilute organic wastewaters. 
Waste management methods range from onsite sol- 
vent recovery to offsite incineration. Onsite treat- 
ment is used for the majority of the high volume 
liquid hazardous waste streams. For both hazard- 
ous and nonhazardous drummed wastes, the pre- 
dominant method is offsite disposal followed by 
offsite reclamation/recycle. The major finding of 
the study are: (1) source reduction measures in- 
cluding general housekeeping changes, waste seg- 
regation and/or compaction and waste storage 
container reuse produced the greatest potential 
savings; (2) The wastes most amenable to minimi- 
zation were large multiple component solid waste 
streams; and (3) Five of the 27 process areas ac- 
counted for over 90% of the projected savings. 
Additional conclusions from the study included 
implementation steps recommended as a result of 
observations during the individual waste stream 
evaluations. These steps are: (1) program manage- 
ment; (2) education and training; (3) waste-specific 
accounting; and (4) coordination of further investi- 
ry (See also W89-02006) (Lantz-PTT) 
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REGULATION OF TOXIC ORGANICS IN IN- 
DUSTRIAL SEWER DISCHARGES AT THE 
SANITATION DISTRICTS OF LOS ANGELES 
COUNTY, 

Los Angeles County Sanitation Districts, Whittier, 
CA 


J. G. Kremer, M. P. Lo, P. C. Martyn, and L. S. 
Directo. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 347-371, 13 fig, 13 tab. 
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Regulation of heavy metals and traditional pollut- 
ants is being accomplished fairly well under EPA 
and various local pretreatment programs. At the 
Sanitation Districts of Los Angeles County, signifi- 
cant removals of traditional heavy metal and cya- 
nide pollutants have occurred. Implementation of 
heavy metal regulations has proceeded smoothly 
to control this source of industrial pollution. Prob- 


lems which were anticipated from heavy metals 
may also have been overstated. In a large sewerage 
system, most heavy metals enter the treatment 
lant as inert solids combined with sulfides. Prob- 
ems with leaching of heavy metals from landfills 
may also not be as widespread as believed. Landfill 
leachates in many southern California areas contain 
little or no heavy metals. The area of pollution 
control which is now evolving is that of toxic 
organic pollutants. There is significant concern by 
the residents of local sewerage agencies of long- 
term, detrimental effects from toxic organics. At 
the Sanitation Districts of Los Angeles County, 
short-term sewerage system problems were created 
by organic pollutants prior to the current citizen 
concerns about these pollutants. In the organic 
pollutant area, there is an extremely large number 
of compounds which can create a span of problems 
wider than that encountered with traditional heavy 
metal pollutants. These problems can include air 
pollution, sewer clogging, personnel toxicity, treat- 
ment process upset and explosion hazards. It is 
concluded that the traditional emphasis of the in- 
dustrial waste control programs on pollutants such 
as heavy metals and cyanides, etc., may now be 
evolving into a more positive control of toxic 
organic materials. As this evolution occurs, the 
complexity of local industrial waste regulatory ef- 
forts will increase. The identification and evalua- 
tion of the numerous toxic organic compounds and 
their proper control will require more involved 
industrial waste control technology by the local 
sewerage agency. (See also W89-02006) (Lantz- 
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Results of a thermal-oxidative degradation study 
indicate that not all high density polyethylene 
(HDP) liners = the same. The factors which 
impact liner stability are probably not so much a 
function of polymer pen | as they are of quality 
product design and manufacture. This is not the 
case in, for instance, chemical resistance testing 
where as long as polymer variety is correct, results 
appear satisfactory. HDPE seems to be more or 





less HDPE in chemical resistance testing. But for 
thermal-oxidative degradation, nuances in product 
design and manufacture such as resin quality, pro- 
duction heat history, and antioxidant package in- 
troduce large performance differences among 
HDPE liners. For testing the thermal-oxidative 
stability of HDPE liners, the procedure presented 
in this study works very well. The procedure is 
fast, the endpoint to the test is well defined, and 
results are reproducible. A test can be run easily at 
130 C, which is not much higher than the 110 C 
frequently used in over aging tests. The test relates 
well to actual liner property performance since 
consumption of oxygen by thermal-oxidative deg- 
radation has been correlated to loss of polymer 
elongation. To answer the question, ‘How long 
will the liner last’, a thorough picture of liner life- 
expectancy must be considered. Ultraviolet light 
stability, chemical resistance, and environmental 
stress crack resistance, in addition to thermal-oxi- 
dative stability, all must be taken into account. 
When this is done, HDPE geomembrane liners 
may last a very long time. (See also W89-02006) 
(Lantz-PTT) 
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Irrigation with primary-treated aa 


plant effluent increased pasture pane at 
nitrogen loadings tested (up to 2! N/ha/yr). 
However, nitrate-nitrogen levels in the harvested 
grass also increased and reach rted toxic levels 
at loadings between 1200 and 2600 kg N/ha/yr. 
Suitable animal feeding regimes should decrease 
the toxicity of the pasture even at these loadings. 
Losses of nitrate-nitrogen to the —. n- 
creased with a loading. The losses were 
approximately 100-170 kg NO3-N/ha/yr at nitro- 
loadings of 440-600 kg N/ha/yr, 310-330 kg 
of 890-1220 N/ha/yr 
and as high as 1725 kg NO3-N/ha/yr at a nitrogen 
loading of 2440 kg N/ha/yr. The resulting nitrate- 
nitrogen concentration that will enter the ground- 
water from any site can be calculated from these 
losses and the rainfall, effluent volume and evapo- 
transpiration data for the site. In this way a nitro- 
gen loading that will produce an effect similar to 
other land uses in the area and will not affect other 
groundwater users can be derived. Meat-process- 
ing effluent is a natural balanced fertilizer and does 
not contain toxic substances. So long as due regard 
is given to Pompey od protection and animal 
health, this effluent can be safely used for irrigation 
le yer (See also W89-02006) (Lantz-PTT) 
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In the second of two volumes on heavy metals in 
wastewater and sludge attention is focussed on 
treatment and disposal. The six chapters cover the 
following topics: (1) primary mechanical treat- 
ment; (2) biological treatment; (3) sludge treat- 
ment; (4) water treatment and reuse; (5) sludge 
disposal to land; and (6) sludge disposal to sea. (See 
W89-02105 thru W89-02110; W89-02097) 
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Treatment and disposal of large quantities of 
sewage sludge account for approximately 50% of 
the total cost of sewage treatment in the U.K. or 
about 200 pounds sterling/yr. Since raw sludges 
contain between 1 and 7% solids which are usually 
highly putrescible and offensive, they are frequent- 
ly treated to produce more stable and less offensive 
sludges of reduced mass and pathogenic content, 
thus facilitating their ultimate disposal. Sludge dis- 
posal = are limited by economic constraints, 
primarily imposed by the rapid increased in the 
cost of energy. In addition, sludge disposal of and 
the relatively high levels of some pollutants which 
become concentrated in the sludge during 
wastewater treatment. 67% of the total sludge 
produced in the U.K. is disposed of to land, with 
41% being applied to agricultural land and the 
remainder being used principally as landfill and for 
land reclamation. Of the remaining sludge, 29% is 
dumped at sea, while only 4% is incinerated. In 
1982, the major U.S. — - disposal routes were 
reported to be land application (31%), landfill 
(24%), incineration (21%), ocean dumping (18%), 
and composting (1%). Disposal to agricultural land 
is not likely to decrease in the near future because 
of restrictions on alternative practices; the use of 
landfill, for example, may be severely restricted by 
the cost and availability of sites. The disposal of 
sewage sludge to agricultural land may have bene- 
ficial effects by adding plant nutrients such as 
nitrogen, phosphorus, and essential trace elements. 
In addition, the organic matter in sludge is of value 
in the maintenance of long term soil structure and 
fertility. Since only about 1% of the total flow of 
sewage to a works is produced as sludge, and this 
typically contains more than 50 to 80% of the total 
quantity of heavy metals ee the works, the 
metals are concentrated to a significant degree. It 
has been estimated that copronmnately 8000 tons of 
the six heavy metals Cd, Cr, Cu, Ni, Pb, and Zn 
are annually incorporated into sludges in the U.K. 
This chapter relates the behavior and environmen- 
tal impact of heavy metals t in sewage 
sludge to disposal of this sl to agricultural 
land. In particular, the im of the physical 
and chemical speciation of these metals in hazard 
assessment is discussed. (See also W89-02104) 


(Lantz-PTT) 
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The behavior of heavy metals following sludge 
disposal to sea has received relatively little atten- 
tion, with expenditure in the U.K. being directed 
towards the monitoring of disposal sites by the 
Ministry of Agriculture, Fisheries, and Food 
(MAFF) in accordance with their statutory re- 
sponsibilities, in preference to more fundamental 
research which would be required to gain an ap- 
preciation of the ultimate fate of heavy metals 
discharged to the marine environment. However, 
the limited information available may suggest that 
some mobilization of heavy metals occurs as a 
result of the redistribution of metals from largely 
insoluble forms in sludges to soluble metalloor- 
ganic complexes, inorganic complexes, and the free 
metal ion, with subsequent effects on bioavailabi- 
lity. One study concluded that the concentrations 
of heavy metals in estuarine sediments do not 
necessarily reflect the biological availability of 
sediment-bound metals to benthic organisms, al- 
though the metal distribution in the particulate size 
fractions of the sediment and the mechanism of 
metal binding to the particulates were instrumental 
in determining metal availability. It is generally 
accepted that there is insufficient evidence present- 
ly available to demonstrate that there are no harm- 
ful or unacceptable effects resulting from sludge 
disposal to sea, particularly with regard to adverse 
effects on marine biota and bioaccumulation. 
Present defensive research and monitoring work 
on dumping at sea is inadequate in relation to the 
scale of this disposal practice. (See also W89- 
02104) (Lantz-PTT) 
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The Midland, Michigan manufacturing site of The 
Dow Chemical Company, has become the compa- 
ny’s specialty chemical production headquarters. 
More than 500 different products are currently 
produced from this 375 ha site. Vital to the oper- 
ation of the Midland plant is the Tittabawassee 
River. This river runs through the heart of the 
plant. It is a tributary of the amy River, which 
empties into Saginaw Bay of Lake Huron at Bay 
City, Michigan. The Tittabawassee River is not a 
large river, but Dow borrows a significant quantity 
of water from the river for process and reactor 
cooling purposes. This water, along with Dow's 
treated wastewater, is returned to the river. This 
situation, a large chemical complex built adjacent 
to a relatively small body of water, has made the 
Midland plant site an environmental management 
challenge for many years. Dow recognized the 
need for effective waste treatment as early as the 
1930s. The company installed a set of ‘trickling 
filters’ then, and also operated a waste incinerator. 
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Later, in 1948, Dow developed and operated the 
world’s first rotary kiln for the destruction of 
chemical wastes. In addition to waste treatment, in 
1930 the company also established its toxicology 
laboratories in Midland to study the effects of the 
company’s products on the environment and 
human health. These pioneering efforts have con- 
tributed to the recognition of Dow as a leader in 
the fields of toxicology and epidemiology. Waste 
management alternatives explored at Dow includ- 
ed: elimination, reclamation, treatment and de- 
struction, secure landfill, incineration, and 
wastewater treatment. Dow’s Midland plant site 
experience demonstrates the ability for industry to 
co-exist with the environment, even under difficult 
geographical and political conditions. The compa- 
ny recognizes the need for good environmental 
stewardship and intends to demonstrate continued 
dedication to this cause, not just to its satisfaction, 
but the satisfaction of a better informed public. 
(See also W89-02155) (Lantz-PTT) 
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Large industries producing substantial quantities of 
similar wastes will find liability incentives for treat- 
ing and, as much as possible, destroying hazardous 
wastes on-site. However, lower volume waste 
streams from large facilities and hazardous wastes 
from medium to small industrial facilities are usual- 
ly not economic to treat with appropriate technol- 
ogy. In the past, much of this type of waste has 
been disposed of to municipal landfills. Because 
such disposal does nothing to reduce the quantity 
or noxious properties of the hazardous wastes nor 
can it provide assurance of containment, disposal 
regulations generally seek to eliminate this practice 
for the designated hazardous wastes. This situation 
requires the provision of centralized off-site facili- 
ties offering a range of common technologies 
which can handle the variable, smaller volume 
hazardous waste streams which industry finds un- 
economic to treat on-site. Technologies such as 
neutralization, oxidation, reduction, chemical pre- 
cipitation, oil/water separation, incineration, dewa- 
tering, and stabilization, which might be applicable 
to such centralized facilities are reviewed by de- 
scribing the essential processes involved and the 
nature and quantity of residues produced by each. 
The disposal of the treatment residues is consid- 
ered along with description of the approaches 
being implemented at the Swan Hills facility being 
constructed for the Alberta Special Waste Man- 
agement Corporation. (See also W89-02155) 
(Lantz-PTT) 
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Niagara Falls, NY. contains some 215 chemical 
waste dumps within walking distance of the Falls. 
These dumps hold collectively about eight million 
tons of toxic chemicals whose environmental per- 
sistence is measured in hundreds of years. Waste 
dumping has been a by-product of the chemical 
industry since its inception, but most of that eight 
million tons has been dumped in the last 35-40 
years: one reason, chemical production has ex- 
panded about 50-fold in that period. Two propos- 
als for a systematic approach to the management of 
chemicals are offered: (1) Determine the goals 
which are to be achieved; and (2) Determine the 
information needed to formulate action policies to 
achieve these goals and what are the barriers to 
obtaining this information. The Goal: Zero dis- 
charge of chemicals into the Great Lakes, attained 
not by shutting down chemical industry, but by 
managing aggressively chemical manufacture, 
chemical use and chemical disposal within the con- 
tinuing economic and social evolution of society. 
The Information: Systematic management of 
chemicals as proposed, requires new types of infor- 
mation. Much technical research data now gener- 
ated and much current policy-making support only 
micro-management. An information base for sys- 
tematic management to integrate also needs techni- 
cal issues with social and economic planning. (See 
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An integrated strategy is described by which 
Thames Water plans to meet the growing water 
demand of London. At the core of the strategy is 
the construction of more than 60 km of deep tunnel 
(the London Water Ring Main) to convey water to 
major demand centers. The ring main will radical- 
ly alter the way in which water is supplied to 
London, and a considerable amount of analytical 
work has been necessary to develop proposals and 
an operating system. Topics discussed include the 
history and description of the present system, the 
rationalization of London’s treatment works, the 
proposed mode of operation of the ring main, 
computer modeling of the proposed ring main con- 
figuration and of the existing trunk supply system, 
engineering considerations, and implementation, 
including the three-tier control framework for 
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Fort Collins, Colorado relies completely on sur- 
face waters - snowmelt and rainwater. In evaluat- 
ing the existing municipal water treatment system, 
it was decided to close one of the existing water 
treatment plants and to upgrade the other. The 
expansion project is described. One of the major 
considerations was to meet the EPA mandates for 
filtration removal of Giardia lamblia, the parasite 
responsible for waterborne giardiasis. (Sand-PTT) 
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A study of a guinea worm epidemiology in South 
Kordofan, Sudan found two different patterns of 
infection. In four villages, all with large open 
reservoirs (hafirs), the one-year period prevalence 
was more than 34%, and was not strongly related 
to age. In the remaining 23 villages, the prevalence 
did not exceed 20%, but was greater in adults than 
in children. The former pattern suggested contami- 
nation of the water carried home, while the latter 
appeared to be associated with casual use of water 
sources outside the village. Guinea worm disease 
was associated with the use of certain water 
sources, particularly in the poorly-maintained 
hafirs, but not with hand pumps, when these func- 
tioned, or open dug wells. In this context, open 
dug wells seem to be a more cost-effective inter- 
vention for guinea worm control than boreholes 
with hand pumps or the rehabilitation of hafirs. 
(Author’s abstract) 

W89-01351 


RADIOACTIVITY IN WATER SUPPLIES, 

R. G. Castle. 

Journal of the Institution of Water and Environ- 
mental Management, Vol. 2, No. 3, p 275-284, June 
1988, 3 fig, 3 tab, 16 ref. 


Descriptors: “Radioactivity, “Drinking water, 
*Radon, *Groundwater pollution, *Water pollu- 
tion, *Water quality standards, Water supply, Po- 
table water, Groundwater, Monitoring, Water 
quality management, Chernobyl, Sludge, Water 
pollution sources, Powerplants, Nuclear power- 
plants, Radiation, Background radiation, Electric 
power production. 


The general monitoring of radioactivity in the 
water industry is reviewed, and radioactivity 





standards for potable water are described. Topics 
discussed include: monitoring equipment; including 
gamma-ray spectrometers; alpha spectrometers; 
and liquid scintillation counters; international ap- 
proaches to defining radionuclide standards; the 
effect of the Chernobyl accident on rivers and 
water supplies; and natural radioactivity, specifi- 
cally from uranium, radon-222, and radium. It is 
concluded that the main concern is to ensure that 
the water industry has the capacity to carry out 
adequate monitoring following the accidental re- 
lease of radioactivity. Greater interest can subse- 
quently be taken in the levels of natural radionu- 
clides in groundwaters. (Doria-PTT) 

W89-01352 


PRACTICAL EXPERIENCE OF BOREHOLE 
PERFORMANCE EVALUATION, 

A. C. Skinner. 

Journal of the Institution of Water and Environ- 
mental Management, Vol. 2, No. 3, p 332-340, June 
1988. 6 fig, 1 tab, 8 ref. 


Descriptors: *Performance evaluation, *Boreholes, 
*Data acquisition, *Logging (Recording), *Pump- 
ing tests, Water yield, Drawdown, Pumping plants, 
Economic aspects, Monitoring, Water level, Flow, 
Aquifers, Pumps. 


Severn-Trent Water (England) is engaged on a 
program of operational reviews within the water 
supply function. Standardized borehole perform- 
ance tests form an essential part of the data gather- 
ing exercise. For some, particularly the older and 
smaller borehole sources, these tests are providing 
the first ever reliable documentation on their oper- 
ational characteristics. The tests, linked where ap- 
propriate with geophysical and closed-circuit tele- 
vision (CCTV) logging, are indicating where bore- 
hole operation could be improved and where reha- 
bilitative measures are desirable. The tests also 
provide the basis of the cost-output relationships 
necessary for modelling of the water supply 
system. The paper describes the program in more 
detail and illustrates by examples some of the bene- 
ficial results being achieved. (Author’s abstract) 
W89-01356 


ESTIMATING COSTS MODEL OF DUAL 
WATER SUPPLY SYSTEMS, 
Marsan (Andre) et Associes, 
(Quebec). 

R. Leconte, T. C. Hughes, and R. Narayanan. 
Journal of Water Resources Planning and Manage- 
ment (ASCE) JWPEDS, Vol. 114, No. 5, p 547- 
564, September 1988. 3 fig, 7 tab, 24 ref, 2 append. 


Inc., Montreal 


Descriptors: *Estimated costs, *Water convey- 
ance, *Dual water supply systems, *Economic 
evaluation, *Impaired water use, Water supply de- 
velopment, Optimization, Estimating equations, Ir- 
rigation, Regression analysis, Performance evalua- 
tion, Spatial variation, Temporal variation, Cost 
analysis. 


A mixed integer programming model is used to 
generate the optimal design of dual water supply 
systems. The water-supply network is of branched 
or nonlooped type, and the model selects discrete 
pipe sizes as well as optimal capacity and location 
of pumping stations. A distinct feature in the for- 
mulation of the modes is that it takes into account 
the spatial and temporal variability of the water 
demand through a nonlinear relationship between 
the design flow and the area to irrigate. The model 
is applied to a hypothetical example and its superi- 
ority to a nonlinear model is demonstrated. A real- 
world application is demonstrated and the model is 
then used in a regression analysis to simulate the 
cost of dual water systems. Applications of the 
regression equations to three real-world problems 
confirm the reliability of the method, with errors 
between observed and generated costs not exceed- 
ing eight percent. Limitations of the regression 
model are also discussed. (Author's abstract) 
W89-01369 


HEALTH ASPECTS OF THE USE OF RECY- 
CLED WATER IN WINDHOEK, SWA/NA- 
MIBIA, 1974-1983, 


WATER QUALITY MANAGEMENT AND PROTECTION—Field 5 


Water Treatment and Quality Alteration—Group 5F 


University of the Witwatersrand, Johannesburg 
(South Africa). 

M. Isaacson, and A. R. Sayed. 

South African Medical Journal, Vol. 73, No. 10, p 
596-599, May 21, 1988. 3 fig, 2 tab, 11 ref. 


Descriptors: *Water reuse, *Drinking water, 
*Public health, *Potable water, *Epidemiology, 
*Human disease, Social aspects, Economic status, 
Diarrhea, South West Africa, Namibia, Water 
quality, Microorganisms. 


The introduction of the use of reclaimed water in 
Windhoek, SWA/Namibia, prompted an epidemio- 
logical study to assess the health effects, if any, of 
its consumption. Analysis of more than 15,000 epi- 
sodes of diarrheal disease during the period August 
1976 - March 1983 showed that their incidence in 
whites of similar socio-economic status was mar- 
ginally lower in persons supplied with reclaimed 
water than those with water from conventional 
sources. Incidence rates were significantly higher 
in blacks and in coloreds, all of whom received 
conventional water only. Age-specific incidence 
rates in children of the various ethnic groups also 
showed differences characteristically associated 
with socio-economic stratification. It is concluded 
that the consumption of reclaimed water does not 
increase the risk of diarrheal diseases caused by 
waterborne infectious agents. (Author’s abstract) 
W89-01378 


APPLICATIONS OF VYREDOX METHOD RE- 
GARDING IRON REMOVAL FROM GROUND 
WATER IN CHINA, 

China Aeronautical Project and Design Inst., Beij- 
ing. 

F. Maogong. 

Ground Water GRWAAR, Vol. 26, No. 5, p 647- 
648, September-October 1988. 


Descriptors: *Iron, *Heavy metals, *Water treat- 
ment, *Oxidation, China, Biological oxidation, 
Bacteria, Aquifers, Aeration, Groundwater, Re- 
charge, Flow discharge. 


The method is a chemical and biological contact 
oxidation process. After recharge of oxygen-rich 
water forced into the aquifer, the ferric hydroxide 
film which has been deposited on the surface of 
sand of the aquifer absorbs oxygen and iron from 
the water, and the catalytic reaction between 
oxygen and iron takes place on the surface of the 
sand grain, assisted by iron bacteria. Three ways of 
recharging are described. The ratio between dis- 
charge and recharge (efficiency ratio) was 4-13. 
The rate of recharge was 80% to 100% of the rate 
of discharge (pumping). The time of recharge was 
3-51 hours. Details are presented for five Vyredox 
waterworks in China. (Author’s abstract) 
W89-01411 


INTERNATIONAL COMPARISON OF WATER 
PRICES. 


tJ 
International Water Supply Association, London 
(England). 
For primary bibliographic entry see Field 6C. 
W89-01427 


BRIEF INTRODUCTION TO TECHNICAL 
REFORMATION OF PURIFICATION FACILI- 
TIES IN SHANGHAI MUNICIPAL WATER- 
WORKS COMPANY, 

Shanghai Municipal Waterworks Co. (China). 

S. Ren-Yuan. 

Aqua AQUAAA No.4, p 178-122, 1988. 2 fig, 5 
tab. 


Descriptors: *Wastewater treatment, *Water treat- 
ment facilities, Municipal wastewater, Floccula- 
tion, Coagulation, Settling tanks, Economic as- 
pects. 


The dominant ideas and main steps of expansion 
and rehabilitation of Shanghai’s muncipal water 
facilities are outlined. The principle objective was 
to improve or to maintain water quality. The baf- 
fled-plate flocculator was the most commonly used 
flocculation equipment in horizontal settling tanks. 
It had a lower construction cost, was convenient 


to maintain, and gave a better flocculation effect. 
The settling effect of a long rectangular tank (50- 
100 m) was better than a short one with the same 
settling time; the settling effect of straight flows 
was better than of those with bends. The settling 
effect of the water in the settling tanks without 
sludge sediment was better than in those with 
sludge sediment. The Shanghai waterwork used 
the declining rate method to filter water. The 
coagulation characteristics of the effluent were 
particularly important. When the water is coagu- 
lated under poor conditions, even though filtered 
at a low rate, the effluent quality is decreased. The 
Shanghai method saved on capital costs, and water 
quality and filter runs were improved. (Hammond- 
PTT 


W89-01428 


INTERNATIONAL RIVERS RHINE AND 
MEUSE: RECENT DEVELOPMENTS IN THE 
FIELD OF THE PROTECTION AGAINST POL- 
LUTION AND OF DRINKING WATER PRO- 
DUCTION IN THE NETHERLANDS INCLUD- 
ING THE PROBLEMS OF STORAGE AND EU- 
TROPHICATION, 

Water Storage Corp., Rotterdam (Netherlands). 
E. G. H. Vreedenburgh. 

Aqua AQUAAA No.4, p 183-192, 1988. 12 fig, 5 
tab, 9 ref. 


Descriptors: *International waters, *Water treat- 
ment, *Water pollution sources, *Netherlands, 
*Water pollution control, *Drinking water, Stor- 
age, Pollutants, Rivers, Surface water, Oil pollu- 
tion, Contamination, Hazardous materials, Legal 
aspects, Rhine, Meuse. 


The rivers Rhine and Meuse are the main sources 
for drinking-water production from surface water 
in the Netherlands. Some general facts about the 
Netherlands relations to these rivers and their pol- 
lution are outlined and the public water supply is 
described. The substances which have caused the 
greatest concern are those that are not greatly 
affected by the traditional water treatment plants, 
such as oils and solutes. Accidental spills of oil or 
chemical substances are the majority of pollution 
incidents. The threats of new developments in- 
clude nuclear power plants, new contaminants, and 
increased abstraction of water. The national, inter- 
national and legal aspects of surface water protec- 
tion increase the difficulties in providing a safe 
water supply, as the Netherlands is a major con- 
sumer of the river water but contributes only a 
minor portion of the pollution. The major polluters 
are not under the Netherlands jurisdiction. (Ham- 
mond-PTT) 

W89-01429 


ACCIDENTAL WATER POLLUTION AND 
DRINKING WATER PRODUCTION: THE 
DAILY CHALLENGE ACCEPTED BY THE 
SYNDICAT DES EAUX D’ILE DE FRANCE 
AND THE COMPAGNIE GENERALE DES 
EAUX (POLLUTIONS ACCIDENTELLES DES 
EAUX ET PRODUCTION D’EAU POTABLE: 
LE DEFI QUOTIDIEN RELEVE PAR LE SYN- 
DICAT DES EAUX D’ILE-DE-FRANCE ET LA 
COMPAGNIE GENERALE DES EAUX), 

Anjou Recherche, Maisons-Laffitte (France). 

P. Mousty, M. Dutang, and A. Grimaud. 

Aqua AQUAAA No.4, p 193-198, 1988. 10 fig, 31 
ref. English summary. 


Descriptors: *Path of pollutants, *Warning sys- 
tems, *Water treatment, *Spills, *Industrial wastes, 
*France, Storage tanks, Potable water. 


The Compagnie Generale des Eaux supplies 4 mil- 
lion customers of the Syndicat des Eaux d’Ile de 
France almost exclusively from river water which 
is subject to accidental pollution. To guarantee safe 
supplies, the policy pursued involves an accurate 
knowledge of risks, pollution simulation studies 
and the installation of automatic warning stations. 
In the event of pollution, its scale is assessed by an 
analysis campaign. Counter-pollution measures are 
then taken with emergency reagents, stand-by 
equipment such as raw water storage tanks and 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 
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intercommunication between the various works. 
(Author’s abstract) 
W89-01430 


IMPROVEMENTS IN WATERSHED MANAGE- 
MENT YIELD ENHANCED REVENUES, 
Washington Suburban Sanitary Commission, Broo- 
keville, MD. 

For primary bibliographic entry see Field 4A. 
W89-01431 


FUTURE RESEARCH FOR THE PRODUC- 
TION OF DRINKING WATER, 
Wahnbachtalsperrenverband, Siegburg (Germany, 
F.R.). 

H. Bernhardt. 

Aqua AQUAAA No.4, p 205-208, 1988. 1 tab, 15 
ref. 


Descriptors: *Drinking water, *Water treatment, 
*Water quality control, *Research priorities, Plan- 
ning, Monitoring. 


Increasing demands on drinking-water quality and 
a continual rise in the loading of waters with 
micropollutants as well as the recently gained 
knowledge of undesirable effects of traditional 
water treatment processes on the purity of water 
require the development of new treatment tech- 
niques or modification of existing processes. As a 
consequence, new concentration limits are being 
developed for an increasing number of substances 
and classes of substances and the limits already 
determined for known compounds are being re- 
vised. Precautionary measures taken to ensure the 
health of the customer and which are part of 
national and international health policies are be- 
coming increasingly important. Equally important 
is the development of monitoring methods and 
controlling processes which can be automated and 
operated by semi-skilled personnel. (Hammond- 


PTT) 
W89-01432 


DESIGN CRITERIA FOR THE REMOVAL OF 
ORGANIC MATTER FROM WATER WITH 
ALUMINUM, 

McMaster Univ., Hamilton (Ontario). Dept. of 
Chemical Engineering. 

E. Diamadopoulos, and D. R. Woods. 

~ AQUAAA No.4, p 212-214, 1988. 3 fig, 22 
ref. 


Descriptors: *Aluminum, *Organic matter, *Water 
treatment, *Design criteria, *Coagulation, Filtra- 
tion, Hydrogen ion concentration. 


Based on data from the literature, a linear relation- 
ship was found between the initial total organic 
carbon of various waters and the optimum alumi- 
num dosage, for removal of humic substances de- 
spite differences in the systems or the water 
sources. The slope of the straight line depended on 
the pH, with a lower pH resulting in a steeper 
slope. This important property can be used for 
design purposes to select the optimum aluminum 
dosage. Under conditions of low initial total organ- 
ic carbon and low aluminum dosages, small 
changes in the total organic carbon or the alumi- 
num dosage result in sharp changes in the removal 
after filtration. (Author’s abstract) 

W89-01434 


CROSSFLOW MICROFILTRATION-FOULING 
MECHANISMS STUDIES, 

Allied-Signal, Inc., Des Plaines, IL. Engineered 
Materials Research Center. 

W. B. Bedwell, S. F. Yates, and, I. M. Brubaker., 
and S. Uban. 

Separation Science and Technology SSTEDS, 
Vol. - No. 6 and 7, p 531-548, 1988. 10 fig, 3 tab, 
10 ref. 


Descriptors: *Fouling, *Filtration, *Membrane fil- 
ters, *Water treatment, Fulvic acids, Humic acids, 
Chemical treatment, Flow, Membrane filter, Calci- 
um carbonate, Surface water, Municipal water 
treatment. 


Several mechanisms were found by which deterio- 
ration can occur in a process to treat a hard surface 
water feed using lime softening followed by cross- 
flow microfiltration. Some mechanisms operate 
during the filtration and reflect characteristics of 
the dynamic membrane of solids. Other mecha- 
nisms operate during cleaning of the tubes and 
reflect either irreversible fouling of the nylon tubes 
by an impermeable skin of organic material or 
degradation of the porous tubes. An ideal filter 
cake contains a monodisperse system of particles, 
which tend to flocculate and form a loose, very 
porous solids matrix. Humic acids in surface water 
are small colloids (<1 micron). The calcium car- 
bonate solids formed during water softening can be 
much larger (5-30 microns). At optimal lime soft- 
ening pH (approximately 10.2), this system consists 
of large microns particles and small organic parti- 
cles, which do not flocculate due to their common 
surface change. There are several strategies for 
improving performance. Increasing pH precipitates 
humic material and promotes flocculation. Adding 
an agent like ferric sulfate also promotes floccula- 
tion. Oxidation with ozone degrades humic acid 
and influences its characteristics charge in such a 
way as to promote flocculation. Whatever the 
treatment, a good dynamic membrane develops 
when the colloidal organic material is incorporated 
into or onto larger particles and the bimodal char- 
acter of the size distribution is destroyed. Success- 
ful membrane cleaning relies on preventing pre- 
cipitation of humic acid solids while the solids on 
which they are sorbed are dissolved. Either oxida- 
tion or addition of a surfactant can accomplish this. 
However, choice of the appropriate cleaning strat- 
egy must include consideration of the stability of 
the filter to the cleaning agent. In general, mem- 
branes are prone to fouling. these studies have 
shown that fouling occurs by a variety of mecha- 
nisms. Therefore, careful analysis of the interac- 
tions between all feed components and the mem- 
brane surface is an essential step prior to the imple- 
mentation of a membrane process. (Hammond- 


PTT) 
W89-01437 


MAXIMUM LIKELIHOOD ANALYSIS OF DIS- 
INFECTION KINETICS, 

Illinois Inst. of Tech., Chicago. Pritzker Dept. of 
Environmental Engineering. 

For primary bibliographic entry see Field 5D. 
W89-01444 


COMBINED ION EXCHANGE/BIOLOGICAL 
DENITRIFICATION FOR NITRATE REMOV- 
AL FROM GROUND WATER UNDER DIFFER- 
ENT PROCESS CONDITIONS, 

Agricultural Univ., Wageningen (Netherlands). 
Dept. of Water Pollution Control. 

J. P. van der Hoek, P. J. M. van der Ven, and A. 
Klapwijk. 

Water Research WATRAG, Vol. 22, No. 6, p 679- 
684, June 1988. 9 fig, 1 tab, 19 ref. 


Descriptors: *Nitrate removal, *Groundwater pol- 
lution, *Denitrification, *Ion exchange, *Water 
treatment, Sulfates, Combined process, Brines, Bio- 
logical regeneration, Nitrate selective resins, 
Chlorides, Regeneration, Ion exchange resins, 
Drinking water. 


Combined ion exchange/biological denitrification 
is a process for nitrate removal from groundwater 
in which nitrate is removed by an ion exchanger 
and the resins are regenerated in a closed circuit 
through a biological denitrification reactor. The 
process was run at laboratory scale under three 
process conditions. Groundwater with a relatively 
low sulfate concentration (31 mg SO4(2-)/l) was 
treated with the sulfate-selective resin Duolite A 
165 and with the nitrate-selective resin Amberlite 
IRA 999, with NaCl as a regenerant in both cases. 
Although the nitrate concentration in the treated 
water was hardly influenced by the different resin 
types, chloride and sulfate concentrations clearly 
were affected. With the nitrate-selective resin, sul- 
fate concentrations were higher and chloride con- 
centrations lower compared to the sulfate-selective 
resin. Treatment of groundwater containing a very 
high sulfate concentration (181 mg SO4(2-)/1) was 
possible by the combined process with the nitrate- 


selective resin. In all three cases sulfate accumulat- 
ed in the regeneration circuit without impairing 
the nitrate removal in the service mode. The re- 
generant was renewed every 2 wk under on proc- 
ess condition. Compared with conventional ion 
exchange regeneration, this results in a 95% reduc- 
tion of brine production. (Author's abstract) 
W89-01445 


EVALUATION OF DIRECT MICROSCOPICAL 
COUNTS AND ENDOTOXIN MEASURE- 
MENTS AS ALTERNATIVES FOR TOTAL 
PLATE COUNTS, 

Kongelige Veterinaer- og Landbohoejskole, Co- 
penhagen (Denmark). Inst. of Veterinary Microbi- 
ology and Hygiene. 

For primary bibliographic entry see Field 5A. 
W89-01458 


ILLNESS AND RESERVOIRS ASSOCIATED 
WITH GIARDIA LAMBLIA INFECTION IN 
RURAL EGYPT: THE CASE AGAINST TREAT- 
MENT IN DEVELOPING WORLD ENVIRON- 
MENTS OF HIGH ENDEMICITY, 

Texas Univ. Medical School at Houston. Program 
in Infectious Diseases and Clinical Microbiology. 
For primary bibliographic entry see Field 5C. 
W89-01525 


WATER CLARIFICATION PROCESSES: PRAC- 
TICAL DESIGN AND EVALUATION, 

Water and Air Research, Inc., Gainesville, FL. 
H. E. Hudson. 

Van Nostrand Reinhold Company, New York. 
1988. 353p. 


Descriptors: *Water treatment, *Clarification, 
*Water treatment facilities, Engineering, Hydrau- 
lic engineering, Flocculation, Mixing, Sedimenta- 
tion, Jar tests, Flow patterns, Filtering, Washing. 


This book is designed to serve as a reference book 
for those responsible for plant operation, for de- 
signers and consultants, and as a text for short 
courses for practicing engineers and for graduate 
course in treatment plant design. Important related 
topics that are examined include: jar testing and 
using jar test data; how to determine velocity 
gradients and residence time characteristics (mixed 
flow, plug flow, and dead space) in basins; basic 
concepts of mixing, flocculation; density consider- 
ations in sedimentation; horizontal flow and 
upflow sedimentation; behavior of filters; and, 
filter washing. In particular, it provides procedures 
and data for comparison of operating results from 
existing plants, for use in evaluating other existing 
plants. It also describes methods for the derivation 
of design criteria for new plants as well as modifi- 
cations of existing plants. The engineering and 
hydraulic aspects of water clarification processes 
are emphasized. Theoretical aspects are treated 
only to the extent that they have been useful in 
practical design. (Lantz-PTT) 

W89-01598 


NALCO WATER HANDBOOK. 
McGraw-Hill Book Company, New York. 1988. 
1019p. 2nd ed. Edited by Frank N. Kemmer. 


Descriptors: *Handbooks, *Water properties, 
*Water treatment, *Water use, Industrial water, 
Municipal water, Biological properties, Chemical 
properties. 


This handbook provides orientation in water tech- 
nology for those who need this information in an 
understandable form for their jobs, but may not 
necessarily aspire to becoming specialists in water 
treatment. The four parts of this handbook perform 
the following functions: part 1 introduces the 
nature of water and explores the fundamentals of 
chemistry, biology, water resources, and water 
analysis; part 2 presents, in detail, the unit oper- 
ations of water conditioning; part 3 gives an over- 
view of important industrial and municipal uses of 
water, including recycling and disposal; the typical 
operations of major industries, institutions, and mu- 
nicipalities are described to exemplify prevailing 





industrial practices; and part 4 presents over spe- 
cialized water treatment technologies, such as 
treatment for cooling purposes, steam generation, 
and oil recovery. (Lantz-PTT) 

W89-01824 


WATER TREATMENT AND REUSE, 

Teesside Polytechnic, Middlesbrough (England). 
Dept. of Chemical Engineering. 

T. Stephenson. 

IN: Heavy Metals in Wastewater and Sludge 
Treatment Processes. Volume II: Treatment and 
Disposal. CRC Press, Inc., Boca Raton, Florida, 
1987. p 69-90, 1 fig, 7 tab, 107 ref. 


Descriptors: *Wastewater treatment, *Water treat- 
ment, *Water reuse, *Heavy metals, Filtration, Co- 
agulation, Flocculation, Activated carbon, Ion ex- 
change, Reverse osmosis, Potable water. 


Detrimental effects on potable water supplies due 
to the presence of heavy metals are possible due to 
the traditional role of surface waters in receiving 
industrial and domestic wastewater discharges. 
Surface waters that have been affected by man’s 
activities are increasingly being used for drinking 
water supply as groundwater sources become ex- 
hausted and new sources are difficult to find, re- 
sulting in an increasing trend towards water reuse, 
both direct and indirect. Direct water reuse studies 
have indicated that the strategy for producing 
water is possible at a cost. Heavy metal contamina- 
tion of the final water distributed in supply is one 
of several potential hazards to human health that 
has been considered. However, concentrations in 
the effluents reused have either been insignificant- 
ly, or nearly complete removal has been achieved 
during treatment. Metal removal has occurred 
during stages of treatment that have been included 
for another primary objective; e.g., activated 
carbon adsorption is effective in removing several 
heavy metals, but its main purpose is to remove 
organics, tastes, and odors. Bank filtration, coagu- 
lation and flocculation, sand filtration, activated 
carbon, ion exchange, and reverse osmosis, are 
presented as unit processes for the treatment of 
water for heavy metal removal. (See also W89- 
02104) (Lantz-PTT) 

W89-02108 


DRINKING WATER STANDARDS: THEIR 
DERIVATION AND MEANING, 

Environmental Protection Agency, Washington, 
DC. Office of Drinking Water. 

For primary bibliographic entry see Field 5G. 
W89-02210 


TREATMENT OF WATER FROM CONTAMI- 
NATED WELLS, 

Environmental Protection Agency, 
OH. Drinking Water Research Div. 
W. A. Feige, R. M. Clark, B. W. Lykins, and C. A. 
Fronk. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 235- 
251, 4 tab, 25 ref. 


Cincinnati, 


Descriptors: *Water treatment, *Groundwater 
quality, Groundwater pollution, Adsorption, Acti- 
vated carbon, Aeration, Ion exchange, Reverse 
osmosis, Ozonation, Oxidation, Ultraviolet radi- 
ation, Volatile organics, Pesticides, Organic com- 
pounds. 


The Drinking Water Research Division (DWRD) 
of EPA is responsible for evaluating the various 
types of technologies that might be used to meet 
the MCLs promulgated under the Safe Drinking 
Water Act and its Amendments. Because the 
source water for many utilities in the United States 
is groundwater, DWRD is especially concerned 
about conducting bench-, pilot- and field-scale 
studies on technologies that effectively treat 
groundwater. Technologies being examined are 
carbon adsorption, aeration, ion exchange, reverse 
Osmosis, ozone oxidation, and ultraviolet light, 
some at the field scale and others at the bench and 
pilot scales. Carbon adsorption appears to provide 
removal for a wide range of organics whereas 
conventional treatment is revealed as a poor treat- 
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ment for those compounds listed in the table. 
Packed tower aeration manifests itself as an excel- 
lent technology for volatile organic compounds 
and may have application for a limited number of 
pesticides. Ozone oxidation appears to be a good 
treatment technology for certain classes of organ- 
ics such as simple alkenes and aromatics as well as 
certain similar, but more complex organic struc- 
tures. Although only a few organics have been 
subjected to long-term testing via reverse osmosis, 
promising removals for several low molecular 
weight organics can be seen. (See also W89-02196) 
(Lantz-PTT) 

W89-02212 


CURRENT TRENDS IN WATER-SUPPLY 
PLANNING: ISSUES, CONCEPTS, AND RISKS, 
D. W. Prasifka. 

Van Nostrand Reinhold Co., New York. 1988. 
266p. 


Descriptors: *Water resources developement, 
*Water distribution, *Water supply, *Management 
planning, Urban areas, Water management, Water 
quality, Water rates, Economic aspects, Pricing, 
Risk analysis. 


Strategies for supplying sufficient quantities of 
high quality water to urban areas, ensuring reliable 
supplies, and financing water-system capital needs 
comprise the core of this book. The text examines 
trends in water supply planning that have evolved 
in the past decade. These trends are embodied in 
myriad issues and concepts that emerged as a result 
of and in response to the dwindling of developable 
freshwater supplies in the nation. By incorporating 
these issues and concepts into the planning process, 
water managers can lower the level of risk associ- 
ated with the development, protection, and use of 
water. The book explores the primary issue faced 
by water managers: the need for reliable forecasts 
of future water demands. It identifies both short- 
and long-term demand forecasting techniques, and 
it explains how to apply these techniques to specif- 
ic projects. In addition, it evaluates the impacts of 
water conservation practices and water quality 
constraints on the forecasting process. Other im- 
portant issues discussed in the book include: re- 
gionalization, the selection of a water supply plan- 
ning philosophy, water rates and price structures, 
hazard mitigation and its impact on public policy, 
public participation in the planning process, and 
the determination of the social acceptability of a 
proposed water supply project or program. Em- 
phasis is placed on identifying the practical appli- 
cations of these issues and on gaining an under- 
standing of the concepts that are used to describe 
them. (Lantz- 

W89-02257 


ANALYSIS OF WATER DISTRIBUTION SYS- 
TEMS, 
Army Engineer Waterways Experiment Station, 
Vicksburg, MS. 

T. M. Walski. 

Van Nostrand Reinhold Co., New York. 1984. 
275p. 


Descriptors: *Water distribution, *Water convey- 
ance, *Hydraulics, *Hydraulic structures, Pipes, 
Economic aspects, Computer models, Hydraulic 
models, Mathematical studies, Model studies, Data 
acquisition, Meters, Gages, Pumps. 


Theoretical hydraulics and economics to practical 
applications of modeling, testing, and cost effective 
decision making are covered. A treatment of the 
basic equations of closed conduit hydraulics is 
especially useful, along with a discussion of com- 
puter models commonly used for solving hydraulic 
problems, which includes guidance on implement- 
ing and calibrating these models. Also discussed is 
the testing and metering of distribution systems, 
demonstrating how to collect data on flows, pipe 
roughness, diameters, pressures in the water distri- 
bution systems, and much more. Detailed coverage 
is included on: water distribution model skeletiza- 
tion and calibration; basic equations used in water 
system modeling; economic analysis of pipe breaks 
and replacement; collecting data for water system 
evaluation; selecting correct meters and gages; ec- 
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onomics of pipe size selection; nomograms for 
hydraulic calculations and pipe size selection; and 
selecting pumps for water system applications. 
(Lantz- 

W89-02259 


5G. Water Quality Control 


ALGAE FLOCCULATION IN RESERVOIR 
WATER, 

Southern Petrochemical Industries Corp. Ltd., Tu- 
ticorin (India). 

P. Sridhar, C. Namasivayam, and G. Prabhakaran. 
Biotechnology and Bioengineering BIBIAU, Vol. 
= No. 3 , p 345-347, July 20, 1988. 2 fig, 1 tab, 8 
ref. 


Descriptors: *Reservoirs, *Algal control, *Floccu- 
lation, *Electroflocculation, *Alum, Aluminum 
electrodes, Comparison studies, Storage reservoirs, 
Cost analysis, Sulfates, Iron, Performance evalua- 
tion, Water treatment. 


Algal populations in reservoir water can be effec- 
tively removed by either electroflocculation using 
aluminum electrodes or flocculation using alum. 
With electroflocculation there was a carry-over of 
aluminum(III) ion, whereas in the flocculation 
using alum there was no _ carry-over of 
aluminum(IID), iron(II}, or sulfate ions in the treat- 
ed water. For the removal of algae, alum treatment 
is less expensive than electroflocculation. (Author’s 
abstract) 

W89-01285 


HISTORY OF POINT SOURCE CONTROL OF 
NUTRIENTS IN PENNSYLVANIA AND 
OTHER CHESAPEAKE BAY STATES: PART I, 
For primary bibliographic entry see Field 5D. 
W89-01288 


HISTORY OF POINT SOURCE CONTROL OF 
NUTRIENTS PENNSYLVANIA AND 
OTHER CHESAPEAKE BAY STATES: PART II, 
W. A. Lyon. 

Water Pollution Control Association of Pennsylva- 
nia Magazine Vol. 21, No. 5, P 7-14, September- 
October 1988. 3 fig, 1 tab, 27 ref. 


Descriptors: *Chesapeake Bay, *Pennsylvania, 
*Eutrophication, *Estuaries, *Water pollution con- 
trol, *Environmental policy, Water pollution 
sources, Enforcement, Great Lakes, Virginia, 
Maryland, Susquehanna River, Nutrients, Phyto- 
plankton, Macrophytes, Oxygen depletion, Dam 
effects, Light depletion, Turbidity, Regulations, 
Legislation, Federal jurisdiction. 


Studies of the impact of nutrients on the Chesa- 
peake Bay, emergence of public policy to deal with 
the problem, implementation, municipal perform- 
ance, and future pi ts are discussed. The ap- 
proach used to control pollution of the Chesapeake 
Bay is compared with that employed in the Lower 
Great Lakes Basin. Nutrient enrichment was con- 
sidered a major factor affecting both phytoplank- 
ton and epiphyte growth in the Chesapeake Bay. 
Increased turbidity from sediment loads can be 
another light-limiting factor. A recent study of the 
Lower Susquehanna River Basin cited reduction in 
dissolved oxygen due to impoundments as an addi- 
tional problem. Pennsylvania was one of the first 
states to establish point-source control of nutrients 
on a statewide basis. In the Lower Lakes and 
Susquehanna River Basins, Pennsylvania vigorous- 
ly pursued point-source control of nutrients in the 
1970s, generally before the other states (i. e., Mary- 
land and Virginia with respect to the Chesapeake 
Bay). The efforts on the Lower Lakes were greatly 
expedited by a concise management plan tied to 
specific load targets. This approach was not ap- 
plied on the Chesapeake Bay; consequently there is 
a lack of criteria for measuring progress. There 
also is less certainty about the relative importance 
of nutrients versus other pollutants. There is limit- 
ed and less than convincing scientific evidence to 
support the relationship between nutrients and the 
decline of submerged aquatic vegetation and nutri- 
ents and deoxygenation. Nonpoint source pro- 
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grams need more management analysis to address 
priorities and to recognize the difference between 
man-made and natural events and sources. Here, 
too, Pennsylvania was the first to pass regulations 
designed to address the problem. The federal gov- 
ernment’s role was more important in shaping the 
program on the Lower Lakes than it has been on 
the Chesapeake Bay. (See also W89-01288) (Roch- 
ester-PTT) 

W89-01289 


*‘WHO’S ON FIRST’ WITH RIGHT TO KNOW, 
For primary bibliographic entry see Field 6E. 
W89-01291 


EUTROPHICATION OF THE COASTAL 
WATERS OF THE NORTH ADRIATIC SEA: 
NATIONAL AND REGIONAL INTERVENTION 
PROGRAMS, 

Emilia-Romagna Regional Authorities, Bologna 
(Italy). 

For primary bibliographic entry see Field 5C. 
W89-01304 


EUTROPHICATION OF INLAND AND COAST- 
AL WATERS IN ITALY, 

Istituto di Ricerca sulle Acque, Milan (Italy). Re- 
parto Sperimentale di Idrobiologia Applicata. 

For primary bibliographic entry see Field 5C. 
W89-01305 


SOLUBILITY RELATIONSHIPS OF ALUMI- 
NUM AND IRON MINERALS ASSOCIATED 
WITH ACID MINE DRAINAGE, 

University of Wyoming Research Corp., Laramie. 
Western Research Inst. 

P. J. Sullivan, J. L. Yelton, and K. J. Reddy. 
Environmental Geology and Water Sciences 
EGWSEIL, Vol. 11, No. 3, p 283-287, June 1988. 2 
fig, 1 tab, 14 ref. Department of Energy Contract 
DE-AC2085LC1 1062. 


Descriptors: *Waste disposal, *Path of pollutants, 
*Water pollution control, *Groundwater, *Acid 
mine drainage, *Pyrite, *Aluminum compounds, 
*Oil shale, Hydrogen ion concentration, Solubility, 
Sulfates, Sulfides, Water quality, Minerals, Iron 
compounds. 


The ability to properly manage the oxidation of 
pyritic minerals and associated acid mine drainage 
is dependent upon understanding the chemistry of 
the disposal environment. One accepted disposal 
method is placing pyritic-containing materials in 
the groundwater environment. The objective of 
this study was to examine solubility relationships of 
Al and Fe minerals associated with pyritic waste 
disposed in a low leaching aerobic saturated envi- 
ronment. Two eastern oil shales were used in this 
oxidizing equilibration study, a New Albany Shale 
(unweathered, 4.6% pyrite), and a Chattanooga 
Shale (weathered, 1.5% pyrite). Oil shale samples 
were equilibrated with distilled-deionized water 
from 1-180 d with a 1:1 solid-to-solution ratio. The 
suspensions were filtered and the clear filtrates 
were analyzed for total cations and anions. Ion 
activities were calculated from total concentra- 
tions. Below pH 6.0, depending upon SO4 activity, 
Al solubility was controlled by AIOHSO4 (solid 
phase) for both shales. Initially, Al solubility for 
the New Albany Shale showed equilibrium with 
amorphous Al(OH)3. The pH decreased with time, 
and Al solubility approached equilibrium with 
AIOHSO4. Below pH 6.0, Fe solubility appeared 
to be regulated by a basic iron sulfate solid phase 
with the stoichiometric composition of FEOHSO4. 
The results indicate that below pH 6.0, Al and Fe 
solubilities are limited by basic Al and Fe sulfate 
solid phases (AIOHSO4 and FeHSO4). The results 
further indicate that the acidity in oil shale waters 
is produced from the hydrolysis of Al and Fe 
activities in solution. These results indicate a fun- 
damental change in stoichiometric equations used 
to predict acidity from iron oxidation. Also, water 
quality predictions associated with acid mine 
drainage can be based on fundamental thermody- 
namic relationships. As a result, waste management 
decisions can be based on waste-specific/site-spe- 
cific test methods. (See also W89-01323) (Author’s 
abstract) 


W89-01322 


IMPACT OF MOSUL TEXTILE FACTORY EF- 
FLUENTS ON TIGRIS RIVER WATER QUAL- 
ITY, ; 

Mosul Univ. (Iraq). Saddam Dam _ Research 
Centre. 

For primary bibliographic entry see Field 5B. 
W89-01326 


EFFECTS OF COMMERCIAL LANDFILL 
BANS ON WASTE MINIMIZATION STRATE- 
GIES AND TREATMENT PERFORMANCE 
STANDARDS, 

RECRA Environmental, Inc., Amherst, NY. 

For primary bibliographic entry see Field SE. 
W89-01341 


WASTE REDUCTION: PROGRAM, PRACTICE 
AND PRODUCT IN CHEMICAL MANUFAC- 
TURING, 

Dow Chemical Co., Midland, MI. 

R. Delcambre. 

Environmental Progress ENVPDI, Vol. 7, No. 3, 
p 175-179, August 1988. 7 fig, 2 ref. 


Descriptors: *Waste recovery, *Chemical wastes, 
*Industrial wastes, *Chemical industry. 


Waste reduction has been a daily pursuit of manu- 
facturing operations for many years. During the 
1970’s, as feedstocks and energy costs escalated, a 
renewed emphasis was placed on yield improve- 
ment and energy conservation. These improve- 
ments, in many cases, reduced the volume of un- 
wanted byproducts that had to be managed as 
waste and increased the overall productivity of the 
manufacturing process. (Author’s abstract) 
W89-01342 


SOURCE REDUCTION TECHNICAL ASSIST- 
ANCE: A PILOT PROJECT AND ITS IMPLICA- 
TIONS FOR THE CHEMICAL INDUSTRY, 
Massachusetts Dept. of Environmental Manage- 
ment, Boston. 

L. Dane. 

Environmental Progress ENVPDI, Vol. 7, No. 3, 
p 207-211, August 1988. 3 tab, 13 ref. 


Descriptors: *Waste management, *Chemical 
wastes, *Industrial wastes, *Metal-finishing wastes, 
Chemistry industry, Hazardous materials. 


As part of its developing source reduction pro- 
gram, the Massachusetts Department of Environ- 
mental Management (DEM) has conducted a tech- 
nical assistance project with precious metals plat- 
ers in the southeast region of the state. During this 
project, DEM identified a number of raw material 
substitutions and source reduction technologies 
that significantly reduce both costs and volumes of 
hazardous waste generated. DEM suggests ways in 
which the chemical industry might respond to 
market change, and details ways in which non- 
regulatory agencies can foster source reduction 
and encourage expanded markets for source reduc- 
tion chemistries and technologies. (Author’s ab- 
stract) 

W89-01343 


CONTROLLING NITRATE LEACHING IN 
WATER SUPPLY CATCHMENTS, 

M. S. Knight, and S. B. Tuckwell. 

Journal of the Institution of Water and Environ- 
mental Management, Vol. 2, No. 3, p 248-252, June 
1988. 2 fig, 2 tab, 6 ref. 


Descriptors: *Agricultural watersheds, *Nitrates, 
*Leaching, *Water pollution control, *Drinking 
water, Watersheds, Catchment areas, Fertilizers, 
Crop production, Cultivation, Agriculture, 
Springs, Grasslands, Cost analysis, Nonpoint 
sources. 


Guidelines for reducing nitrate leaching from an 
agricultural catchment northeast of Bath, England 
are described. Springs from this catchment supply 
80% of the water to a population of 96,000. By 


early 1987, 73% of Batheaston catchment and 43% 
of Monkswood catchment were subject to agree- 
ments between the Water Authority and the tenant 
or owner. These limit the use of nitrogen fertilizers 
and change arable land to permanent grass produc- 
tion or move arable crops away from the vulnera- 
ble areas of the catchment. These changes have 
reversed an upward trend in nitrate concentration 
in the springs, as reflected in the water supply. 
Nitrate content of the springs should continue to 
decline as the guidelines are extended to the re- 
maining parts of the catchment. These measures 
have avoided the need for additional water treat- 
ment or alternative supplies. Control of agricultur- 
al activities was estimated to be the cheapest alter- 
native for solving the nitrate problem in these 
supplies. (Author’s abstract) 

W89-01349 


PROCEDURE FOR MANAGING CONTAMI- 
NATED DREDGED MATERIAL, 

Massachusetts Univ., Amherst. Dept. of Civil En- 
gineering. 

J. W. Male, and M. J. Cullinane. 

Journal of Waterway, Port, Coastal, and Ocean 
Engineering (ASCE) JWPEDS, Vol. 114, No. 5, p 
545-564, September 1988. 4 fig, 3 tab, 7 ref, 2 
append. 


Descriptors: *Dredge spoiled disposal, *Spoil dis- 
posal, *Dredging, *Waste management, Sediments, 
Contamination, Planning, Waste disposal, Econom- 
ic aspects, Legal aspects, Social aspects, Costs, 
Public opinion, Regulations, Environmental con- 
trol. 


Guidelines in the form of a flexible step-by-step 
procedure are presented for the management of 
contaminated dredged material. The guidelines are 
intended to assist decision-makers in their planning 
for dredging operations that could pose problems if 
not given special consideration. The procedure 
follows preliminary assessment of the contamina- 
tion of sediment that is to be dredged. The proce- 
dure assists in the determination of appropriate and 
compatible means for dredging, transport, treat- 
ment, and disposal of dredged material. It com- 
bines means into viable alternatives which are then 
evaluated on the basis of several criteria: reliability, 
technical effectiveness, environmental impact, cost, 
regulatory requirements, public acceptance, safety, 
and practicality. (See also W89-01359) (Author’s 
abstract) 

W89-01358 


MANAGING CONTAMINATED DREDGED 
MATERIAL: APPLICATION, 

Massachusetts Univ., Amherst. Dept. of Civil En- 
gineering. 

J. W. Male, M. J. Cullinane, and K. Phillips. 
Journal of Waterway, Port, Coastal, and Ocean 
Engineering (ASCE) JWPEDS, Vol. 114, No. 5, p 
565-581, September 1988. 3 fig, 7 tab, 10 ref, 
append. 


Descriptors: *Spoil disposal, *Dredge spoil dispos- 
al, *Waste management, *Dredging, Environmen- 
tal control, Decision making, Case studies, Waste 
disposal, Cost analysis, Planning, Estuaries, Com- 
mencement Bay, Washington. 


A procedure that was developed to assist decision- 
makers plan for proper management of contaminat- 
ed dredged material is illustrated with the use of a 
case study. Decisions regarding dredging oper- 
ations of contaminated dredged material are out- 
lined for a project in Commencement Bay, 
Tacoma, WA. Preliminary screening of potential 
disposal sites is described and using criteria devel- 
oped for the case study. In addition, appropriate 
means for dredging, transport, treatment, and dis- 
posal are determined and combined into alterna- 
tives. Viable alternatives are evaluated using crite- 
ria established as part of the overall decision- 
making procedure. Final selection of an alternative 
is presented in terms of two objectives: cost mini- 
mization and maximization of a composite qualita- 
tive criterion which incorporates several charac- 
teristics of each alternative. (See also W89-01358) 
(Author's abstract) 





W89-01359 


ASSESSING THE RISK OF VIOLATING 
STREAM WATER QUALITY STANDARDS, 
Wyoming Univ., Laramie. Dept. of Civil Engi- 
neering, 

W.E. , and Y.-K. Tung. 

Journal of Envi M t 
JEVMAW, Vol. 26, No. 4, p 321-338, June 1988. 
15 fig, 1 tab, 20 ref, append. 





Descriptors: *Water pollution control, *Risk, 
*Water quality standards, *Water quality manage- 
ment, *Impaired water quality, *Dissolved oxygen, 
Biochemical oxygen demand, Simulation analysis, 
Probability distribution, Stream pollution, Monte 
Carlo methods, Streeter-Phelps equation, Stochas- 
tic process. 


For many years, managing agencies have enacted 
and enforced water quality standards based on a 
deterministic evaluation of the stream environ- 
ments under their control. Given the random 
nature of the processes occurring within a stream 
system, the deterministic approach to water quality 
regulation is subject to obvious shortcomings. In 
an attempt to improve water quality regulation, a 
method is presented for quantifying the joint risk 
associated with dissolved oxygen deficits exceed- 
ing a specified standard and the length of such 
violations within a stream environment. Tech- 
niques are employed utilizing the Streeter-Phelps 
equation in conjunction with Monte Carlo simula- 
tion. In addition, flexibility is provided in the for- 
mulation by allowing several probability distribu- 
tions and statistical properties assumed for each 
parameter. Implied in the methods and results pre- 
sented is the development of improved water qual- 
ity standards incorporating the inherent stochastic 
nature of stream environments. (Author’s abstract) 
W89-01373 


IRRIGATION 


Mahidol Univ., Bangkok (Thailand). Faculty of 
Tropical Medicine. 

For as bibliographic entry see Field 6G. 
W89-013 


DISEASE HAZARDS OF 
SCH. 


IMPROVEMENTS IN WATERSHED MANAGE- 

MENT YIELD ENHANCED REVENUES, 

hey ton Suburban Sanitary Commission, Broo- 
eville, ; 

For primary bibliographic entry see Field 4A. 

W89-01431 


TREATMENT OF LANDFILL LEACHATES IN 
ON-SITE AERATED LAGOON PLANTS: EXPE- 
RIENCE IN BRITAIN AND IRELAND, 
Aspinwall and Co., Shrewsbury (England). 

For primary bibliographic entry see Field 5D. 
W89-01451 


SYSTEMS ANALYSIS, 

North Carolina Agricultural and Technical State 
Univ., Greensboro. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 6A. 
W89-01461 


ECONOMICS, 

East Texas State Univ., Commerce. 

For primary bibliographic entry see Field 6B. 
W89-01462 


LAW (1987 AMENDMENTS), 

Nixon, Hargraves, and Doyle, Rochester, NY. 
For primary bibliographic entry see Field 6E. 
W89-01463 


ON-SITE ALTERNATIVES FOR TREATMENT 
AND DISPOSAL, 

ERT, A Resource Engineering Co., Concord, MA. 
For primary bibliographic entry see Field 5D. 
W89-01475 
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HEALTH EFFECTS ASSOCIATED WITH 
WASTEWATER TREATMENT, DISPOSAL, 
AND REUSE, 

Alberta Univ., Edmonton. Div. of Health Services 
Administration. 

For primary bibliographic entry see Field 5D. 
W89-01480 


AGRICULTURAL WASTES, 

Georgia Tech Research Inst., Atlanta. 

For primary bibliographic entry see Field 5D. 
W89-01486 


TEXTILE WASTES, 

ERT, A Resource Engineering Co., Concord, MA. 
For primary bibliographic entry see Field 5D. 
W89-01487 


COAL AND COAL MINE DRAINAGE, 
Tennessee Valley Authority, Chattanooga. Div. of 
Air and Water Resources. 

H. Olem. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 886-890, June 1988. 67 
ref. 


Descriptors: *Literature review, *Mine drainage, 
*Coal mining, *Water pollution control, Regula- 
tions, Chemical properties, Model studies, Land 
reclamation, Coal cleaning, Transportation, 
Mining industry, Legislation, Industrial wastes. 


Literature published in 1987 on coal industry 
wastes and coal mine drainage in relation to water 
pollution control is summarized under the follow- 
ing headings: environmental regulations, coal mine 
drainage characterization (regional, chemical, and 
biological), coal mine drainage process and mitiga- 
tion studies, coal mine drainage models, coal clean- 
ing, and coal transportation and storage. The 
review aims to include all pertinent, important and 
significant articles without evaluating their merit; 
when selections were made, availability of docu- 
ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01488 


Hop PROCESSING AND SYNTHET- 


IC FUELS, 

Scholler, P.O. Box 26968, Philadelphia, PA 19134. 

= sae bibliograpitic entry see Field 5D. 
89. 


POWER INDUSTRY WASTES, 

Tennessee Valley Authority, Knoxville. Environ- 
mental Quality Staff. 

M. L. Iwanksi, and T. J. Chu. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 893-904, June 1988. 1 
tab, 189 ref. 


Descriptors: *Literature review, *Electric power 
industry, *Water pollution control, *Regulations, 
*Acid rain, Cooling water, Ash disposal, Waste 
disposal, Hydroelectric plants, Fossil fuels, Nucle- 
ar powerplants, Fluidized bed process, Industrial 
wastes, Water pollution sources, Hazardous 
wastes, Solid wastes, Radioactive wastes. 


Literature published in 1987 on power industry 
wastes is summarized under the following head- 
ings: environmental regulation, hydroelectric 
power plants, fossil-fueled power plants (acid dep- 
osition, ash disposal and use, cooling system and 
cooling water discharge, and flue gas desulfuriza- 
tion), and nuclear power plants (waste character- 
ization, treatment and disposal), and fluidized bed 
combustion. Environmental regulatory actions re- 
lated to the power generating industry are summa- 
rized in a table covering water, solid and hazard- 
ous wastes, and radioactive wastes. The review 
aims to include all pertinent, important and signifi- 
cant articles without evaluating their merit; when 
selections were made, availability of documents 
and the presence of new information in the article 
were used as inclusion criteria. A brief synopsis of 
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the contents is given for each article cited. (Roch- 
ester-PTT) 
W89-01490 


CHEMICALS AND ALLIED PRODUCTS, 
Union Carbide Corp., South Charleston, WV. 


For primary bibliographic entry see Field 5D. 
W89-01492 


RADIOACTIVE WASTES, 

New Mexico Univ., Albuquerque. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field SE. 
W89-01493 


SOLID AND HAZARDOUS WASTES AND 
WATER QUALITY, 

Louisiana State Univ., Baton Rouge. Dept. of Civil 
Engineering. 

M. E. Tittlebaum. 

Journal - Water Pollution Control Federation 
a Vol. 60, No. 6, p 920-924, June 1988. 54 
ref. 


Descriptors: *Literature review, *Solid wastes, 
*Hazardous wastes, *Water quality control, 
*Wastewater treatment, Legal aspects, Water pol- 
lution effects, Toxicity, Aquatic organisms, Drink- 
ing water, Model studies, Wastewater collection, 
Wastewater treatment, Design criteria, Sampling, 
Monitoring, Wastewater analysis. 


Literature published in 1987 on solid and hazard- 
ous waste and water quality is summarized under 
the following headings: legal aspects; impact (tox- 
icity to aquatic organisms, threats to drinking 
water); modeling and analysis; collection, treat- 
ment, and design techniques; and sampling and 
monitoring. The review aims to include all perti- 
nent, important and significant articles without 
evaluating their merit; when selections were made, 
availability of documents and the presence of new 
information in the article were used as inclusion 
criteria. A brief synopsis of the contents is given 
for each article cited. (Rochester-PTT) 

W89-01494 


NONPOINT SOURCES, 

Northwest Colorado Council of Governments, 
Frisco. 

L. Wyatt, J. Spooner, W. Berryhill, S. L. 
Brichford, and A. L. Lanier. 

Journal - Water Pollution Control Federation 
aor Vol. 60, No. 6, p 925-933, June 1988. 
161 ref. 


Descriptors: *Literature review, *Water pollution 
sources, *Nonpoint pollution sources, *Path of pol- 
lutants, *Water pollution control, Policy making, 
Best management practices, Monitoring, Water 
analysis, Economic aspects, Management planning. 


Literature published in 1987 on nonpoint sources 
(NPSs) of water pollution is summarized under the 
following headings: NPS policy, economics, and 
planning; water quality and water resources; best 
management practices and NPS control; and NPS 
monitoring, modeling, and analytical methods. The 
review aims to include all pertinent, important and 
significant articles without evaluating their merit; 
when selections were made, availability of docu- 
ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01495 


LAKE AND RESERVOIR MANAGEMENT, 
Environmental Protection Agency, Dallas, TX. 
Region VI. 

D. B. McDonell, and P. A. Crocker. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 940-959, June 1988. 
408 ref. 


Descriptors: *Literature review, *Lakes, *Reser- 
voir management, *Acid rain, *Lake management, 
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*Water pollution control, *Eutrophication, Nitro- 
gen, Phosphorus, Nutrients, Sediments, Heavy 
metals, Herbicides, Viruses, Bacteria, Protozoa, 
Macrophytes, Algae, Phytoplankton, Limnocor- 
rals, Periphyton, Algae, Zooplankton, Macroinver- 
tebrates, Fish, Aquatic habitats, Fisheries, Repro- 
duction, Food habits, Ecology. 


Literature published in 1987 on lake and reservoir 
management in relation to water pollution control 
is summarized under the following headings: water 
quality (physicochemical studies, dissolved 
oxygen, ecosystem management and modelling, 
and in-lake treatment); nutrients (nitrogen, phos- 
phorus, and nutrient management); sediment; toxic 
chemicals (heavy metals, herbicides and other or- 
ganic chemicals, and contaminated sediments); acid 
deposition (atmospheric deposition, modeling, neu- 
tralizing capacity, and biological effects); viruses, 
bacteria, and protozoa; aquatic macrophytes; algae 
(phytoplankton, periphyton, and limnocorral ex- 
periments); zooplankton; macroinvertebrates; and 
fisheries (feeding strategies and food preference, 
reproduction, environmental factors and habitat). 
The review aims to include all pertinent, important 
and significant articles without evaluating their 
merit; when selections were made, availability of 
documents and the presence of new information in 
the article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01497 


DISSOLVED OXYGEN 
RESERVOIRS, 
Tennessee Valley Authority, Chattanooga. 

W. L. Poppe. 

Journal - Water Pollution Control Federation 
— Vol. 60, No. 6, p 959-961, June 1988. 40 
ref. 


IN STREAMS AND 


Descriptors: *Literature review, *Dissolved 
oxygen, *Rivers, *Reservoirs, *Water pollution 
control, Gases, Water pollution effects, Model 
studies, Lakes. 


Literature published in 1987 on dissolved oxygen 
in streams and reservoirs in relation to water pollu- 
tion control is summarized under the following 
headings: water quality in streams and reservoirs, 
water quality models, gas transfer, and aquatic 
effects and modeling. The review aims to include 
all pertinent, important and significant articles 
without evaluating their merit; when selections 
were made, availability of documents and the pres- 
ence of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01498 


GROUNDWATER QUALITY, 

North Carolina Univ., Chapel Hill. Dept. of Envi- 
ronmental Sciences and Engineering. 

For primary bibliographic entry see Field 5B. 
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FATE OF POLLUTANTS, 

Environmental Protection Agency, Gulf Breeze, 
FL. Gulf Breeze Environmental Research Lab. 
For primary bibliographic entry see Field 5B. 
W89-01501 


HUMAN HEALTH EFFECTS ASSAYS, 
Utah Water Research Lab., Logan. 

For primary bibliographic entry see Field 5A. 
W89-01506 


INTERNATIONAL ENVIRONMENTAL LAW 
AND POLICY: AN OVERVIEW OF TRANS- 
BOUNDARY POLLUTION, 

Illinois Univ. at Chicago Circle. 

For primary bibliographic entry see Field 6E. 
W89-01514 


RECENT DEVELOPMENTS IN THE LAW OF 
THE SEA 1984-1985, 
For primary bibliographic entry see Field 6E. 
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MARINE POLLUTION: INJURY WITHOUT A 
REMEDY, 

Mississippi Univ. Law Center, University. 

For primary bibliographic entry see Field 6E. 
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PROCEEDINGS OF THE NWWA/API CON- 
FERENCE ON PETROLEUM HYDROCAR- 
BONS AND ORGANIC CHEMICALS IN 
GROUND WATER-PREVENTION, DETEC- 
TION AND RESTORATION. 

For primary bibliographic entry see Field 5B. 
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KEY TO PREVENTING CONTAMINATION OF 
GROUNDWATER BY PETROLEUM PROD- 
UCTS: FLORIDA’S SUPER ACT, 

Florida State Dept. of Environmental Regulation, 
Tallahassee. 

C. Ash, C. Garrett, and S. Gray. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 3-10, 10 ref. 


Descriptors: *Water quality control, *Water pollu- 
tion prevention, *Groundwater pollution, *Oil 
spills, *SUPER Act, *Florida, Pollutant identifica- 
tion, Cleanup operations, Water pollution treat- 
—_ Leakage, Storage tanks, Legal aspects, Li- 
ability. 


Florida’s governmental response to the problem of 
groundwater contamination from leaking petrole- 
um storage systems emphasizes early detection of 
contamination rather than enforcement actions 
against the responsible party. Historically, enforce- 
ment actions have resulted in delayed cleanup or 
nonreporting of contamination sites. In an effort to 
protect public drinking water supplies, the Florida 
Legislature enacted the State Underground Petro- 
leum Environmental Response Act of 1986 
(SUPER Act). This bill created a trust fund from 
taxation on petroleum and other pollutants pro- 
duced or imported into the state. This fund pro- 
vides monies for the state to conduct site rehabili- 
tation projects or for reimbursement to persons 
who have voluntarily or through negotiated en- 
forcement cleaned up their site. Participation in the 
program is encouraged by the establishment of a 
grace period during which owners or operators of 
petroleum storage systems that report suspected 
contamination will not be held liable for the costs 
of restoring their sites. The Early Detection Incen- 
tive Program was started on July 1, 1986 and runs 
until September 30, 1988. As of September 1, over 
2,300 applications have been submitted to the pro- 
gram. The order in which eligible sites receive 
reimbursement of costs or state contracted cleanup 
is determined by their environmental threat score, 
a priority ranking system which assesses the poten- 
tial threat to public health or the environment. In 
this manner, those sites that pose the greatest po- 
tential for contaminating Florida’s groundwater 
are quickly contained and cleaned up. Strong regu- 
lations governing Florida’s underground petrole- 
um storage tanks systems in combination with in- 
centives for reporting suspected contamination will 
ensure a successful program in preventing serious 
groundwater contamination problems. (( also 
W89-01530) (Author’s abstract) 
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COMPARISON OF GROUND WATER CLEAN- 
UP LEVELS; TWO CASE HISTORIES, 

IT Corp., Monroeville, PA. 

E. Medlin. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 13-18. 
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operations, *Water pollution treatment, *Benzenes, 
Leakage, Path of pollutants, Water pollution pre- 


vention, Water pollution control, Soil contamina- 
tion, Hazardous wastes, Gasoline, Storage tanks, 
Case studies. 


An important consideration when developing a 
plan to remediate contaminated soil or groundwat- 
er is the level of water quality desired. Two case 
histories are discussed which involve clean limits 
for groundwater contamination. Both situations 
were under the jurisdiction of the same environ- 
mental regulatory agency and involved the same 
contaminant; however, due to the nature of the 
release, inflexible, nonsite-specific cleanup stand- 
ards were imposed at one site while flexible, site- 
specific levels were permitted for the other site. 
The final remediation costs for these two sites vary 
considerably and are a direct result of the clean 
levels. A benzene spill occurred at the first site. 
The regulatory agency applied existing local haz- 
ardous waste regulations to establish a clean level 
of total removal. In this case, an inflexible cleanup 
goal was based on policy and regulatory interpre- 
tation rather than site conditions. Since total re- 
moval of benzene from the groundwater was the 
imposed standard, the responsible party was legal- 
ly locked into an open-ended, expensive remedi- 
ation program. At the second site, a leak in an 
underground storage tank allowed several hundred 
gallons of gasoline to contaminate the soil and 
groundwater. At that time, because laws did not 
exist to guide remediation of a gasoline spill, the 
regulatory agency asked for a cleanup goal propos- 
al concurrent with free gasoline recovery. The 
responsible party conducted a receptor analysis 
that showed that human health or environmental 
impact was not expected as a result of the benzene 
component of the gasoline. Action over and above 
product recovery was not required. The total re- 
mediation cost for the gasoline site was much 
lower than the estimated costs to remove all the 
benzene from groundwater at the first site. Com- 
parison of these two case histories illustrates the 
merit of site-specific, realistic clean levels devel- 
oped to protect human health and the environ- 
ment. (See also W89-01530) (Author’s abstract) 
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USE OF RISK ASSESSMENT TO DEFINE A 
CORRECTIVE ACTION PLAN FOR LEAKING 
UNDERGROUND STORAGE TANKS, 

Gradient Corp., Cambridge, MA. 
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THREE LOW COST PUMPING SYSTEMS FOR 
HYDROCARBON CONTAMINATED GROUND 
WATER, 

Geoscience Consultants Ltd., Albuquerque, NM. 
C. A. J. Schleyer. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
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Dublin, OH. 1987. p 43-54, 4 fig. 


Descriptors: *Hydrocarbons, *Groundwater pollu- 
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compounds. 


Remedial action for hydrocarbon contaminated 
groundwater generally requires pumping to 
remove the floating product and associated con- 
taminated water. These pumping systems are often 
unnecessarily elaborate and expensive. Three low 
cost pumping systems have been developed which 
are suitable for many hydrocarbon contaminated 
groundwater situations. These systems are con- 
structed from readily available equipment and cost 
less than $1000 each, complete with necessary con- 
trols and protection devices. All three of these 
systems are in use at an oil refinery which has 
exhibited several zones of groundwater contamina- 
tion by hydrocarbon products. Each of these zones 
presented a different set of conditions to which the 
three different pumping systems were matched. 
Operating the three systems at the same site has 
provided an opportunity for evaluation and com- 
parison of the different pumps. Each of the pumps 





will fit in a 6 inch well and is designed to extract 
water from the top of the water column in the well 
in order to remove all floating product which 
accumulates. The pumps also remove some water 
from the well to maintain a drawdown and induce 
the flow of floating product into the well. The 
three low cost pumping systems are: the pneumatic 
displacement pump, the modified jet pump, and the 
modified submersible pump. The pneumatic dis- 
placement pump is a custom manufactured, top 
filling, air operated pump suitable for low yield 
wells. The modified jet pump is installed in a sump 
into which the product flows, suitable for low to 
moderate yields. The modified submersible pump 
has a reverse shroud which is placed over the 
pump to force water to enter from the top, and 
cooling water is supplied to the motor. This pump 
is suitable for moderate to high flow rates. (See 
also W89-01530) (Author’s abstract) 

W89-01534 


PRACTICAL APPROACH TO HYDROCAR- 
BON RECOVERY AT MARINE TERMINALS, 
Engineering Enterprises, Inc., Long Beach, CA. 
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IN: Proceedings of the NWWA/API Conference 
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cals in Ground Water-Prevention, Detection and 
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Dublin, OH. 1987. p 75-90, 8 fig, 2 ref. 
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Bulk liquid terminals at port facilities typically 
possess unique characteristics relative to the pres- 
ence, distribution and recovery of leaked hydro- 
carbons. However, these same characteristics al- 
lowed for a practical approach to the assessment 
and subsequent recovery of free hydrocarbon 
product from the shallow subsurface of a marine 
terminal. Despite access limitations due to site 
physical characteristics, the typical shallow 
groundwater conditions enabled the use of hand 
auger methods to drill borings and construct moni- 
to’ wells. The shallow depth-to-ground-water 
also allowed the use of pneumatically-driven suc- 
tion lift pumps for recovery of free hydrocarbon 
product present on the water table. Through the 
use of multiple shallow recovery wells manifolded 
to the pumps, containment of serious hydrocarbon 
seepage to harbor waters has been accomplished. 
Since initiation of the first system in Los Angeles 
Harbor, four additional systems have been installed 
on the West Coast with similar success. (See also 
W89-01530) (Author’s abstract) 
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OPTIMIZING RECOVERY OF CONTAMI- 
NANT RESIDUALS BY PULSED OPERATION 
OF HYDRAULICALLY DEPENDENT REME- 
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Oregon Graduate Center, Beaverton. Dept. of En- 
vironmental Science and Engineering. 

J. F. Keely, C. D. Palmer, R. L. Johnson, M. D. 
Piwoni, and C. D. Enfield. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum ecvoensbens and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
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The Oregon Graduate Center, with co-funding 
from the U.S. Environmental Protection Agency 
and the U.S. Air Force, is currently undertaking a 
major study of the pulsed pumping remediation 
technique to examine its benefits, costs, and com- 
plications in delivery and recovery operations as- 
sociated with conventional and in-situ remediation 
of groundwater contamination. Four objectives for 
the project exist: (1) to examine factors that influ- 
ence the operational characteristics of hydrodyna- 
mically dependent in-situ remediations; (2) to de- 
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termine the theoretical and practical potentials for 
improved delivery and recovery by pulsed pump- 
ing; (3) to characterize the efficiency of conven- 
tional hydrodynamically dependent remediations, 
relative to pulsed pumping simulations of remedi- 
ations at select sites; and (4) to provide decision 
support information needed by the co-sponsors to 
determine the feasibility and desirability of a field 
demonstration project. The research approach in- 
volves a cost-effective combination of computer 
simulations, laboratory experiments, and prepara- 
tions for a field demonstration. The major deliver- 
able of the project is the Project Technical Report 
which will serve as a complete record of all com- 
puter simulations, laboratory experiments, and field 
surveys conducted during the project. The second 
major deliverable is a Design and ration 
Manual for pulsed pumping operations. third 
is a briefing document that summarizes the bene- 
fits, costs, and complications of pulsed pumping as 
determined by this project, and lays out the op- 
tions for a field demonstration project. (See also 
W89-01530) (Geiger-PTT) 
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ELECTRO-OSMOTIC REMOVAL OF BEN- 
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cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
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The potential for electro-osmotic removal of ben- 
zene from water saturated clay with a low hydrau- 
lic conductivity was investigated. Experiments 
were designed to evaluate the removal process and 
to measure physical and chemical changes which 
occurred in the clay as a result of electro-osmotic 
treatment. Experimental results for contaminant 
removal were com with values predicted 
using a one-di ional ¢ rt model which 
incorporated advection, dispersion, and adsorption 
of the contaminant. Clay column reactors were 
constructed of 2.5 inch (diameter) glass tubing and 
contained steel electrodes, 6 inch clay column, and 
tap water electrolyte. The design of the columns 
allowed the of within the 
saturated clay and in the electro-osmotic effluent. 
A voltage gradient of 1 volt per inch of clay was 
impressed between electrodes and columns were 
electro-osmotically pumped until the benzene con- 
centration was below detectable levels. The physi- 
cal and chemical changes measured were pH and 
porosity within the clay column. Measurements 
were made following various treatment times. Ex- 
perimental results indicated that electro-osmosis 
behaved as a hydraulic gradient and completely 
flushed benzene from the clay. This was accom- 
plished in less than 2 pore volumes of the clay 
column after 2 weeks of treatment. Column pH 
dropped to 4.2 as a result of acidic anode solution 
moving into the clay column. Porosity of the clay 
column decreased in the vicinity of the cathode but 
remained unchanged at the anode. This porosity 
change occurred after less than 2 days of electro- 
osmotic treatment. (See also W89-01530) (Author’s 
abstract) 
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NITRATE REMEDIATION OF GASOLINE 
CONTAMINATED GROUND WATERS: RE- 
SULTS OF A CONTROLLED FIELD EXPERI- 
MENT, 

Waterloo Univ. (Ontario). Inst. for Ground Water 
Research. 
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IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
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A natural gradient field injection experiment was 
conducted to evaluate nitrate addition as a measure 
for in situ remediation of gasoline contaminated 
ground waters. Of particular concern were the 
very soluble, monoaromatic hydrocarbons: ben- 
zene, toluene, ethyl benzene, and xylene isomers 
(BTEX). A laboratory experiment indicated that 
BTEX from gasoline may be utilized during deni- 
trification. Transformation of BTEX occurred 
only after a considerable lag period and transfor- 
mation rates were much slower than reported aero- 
bic biodegradation rates. Two plumes of gasoline 
contaminated groundwater were created by injec- 
tion into the highly instrumented experimental un- 
confined sand aquifer at Canada Forces Base 
Borden. Immediately upgradient from one plume, 
groundwater spiked with nitrate was injected. The 
slightly retarded organic contaminants were com- 
pletely overtaken by the unretarded nitrate within 
148 days of the injection. The gasoline contaminat- 
ed plume overtaken by nitrate represents the reme- 
diation scheme. The other gasoline contaminated 
plume received no treatment (unremediated) and 
was indicative of the natural attenuation of such 
contamination. Samples of the plumes were ob- 
tained from closely spaced multilevel piezometers 
8, 30, 78, 113, and 148 days after the injection. 
From the resulting extensive three-dimensional 
solute distribution, estimates of the mass remaining 
in solution and center of mass were made for each 
monoaromatic. The effect of nitrate addition to 
gasoline contaminated water was determined 
through comparison of the behavior of the unre- 
mediated and remediated plumes. Comparison of 
the masses remaining in the unremediated and re- 
mediated plumes with time, indicated small but 
detectable differences in mass removal rates. Ni- 
trate addition apparently hastened biotransforma- 
tion. (See also W89-01530) (Author’s abstract) 
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EFFECTIVENESS AND FEASI- 
EA Engineering, Science, and Technology, Inc., 
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In selecting a remedial alternative for cleanup of 
fuel hydrocarbon sites the objective is to choose 
the most cost-effective alternative that will achieve 
the desired objectives. The key features of the 
pump and treat method, the soil venting method 
and enhanced bioreclamation are compared. The 
pump and treat method is widely used to contain 
and slowly remediate contaminated groundwater. 
The soil venting method is a newly adapted tech- 
nology that rapidly remediates vadose zone soil 
contamination, and gives limited treatment of shal- 
low groundwater. Soil venting is only applicable 
to volatile compounds. Enhanced bioreclamation 
has been shown to be fcasible only in limited field 
demonstrations. It is applicable to most fuel hydro- 
carbons at relatively permeable sites. In general, 
soil venting has the lowest cost per pound or 
gallon of fuel remediated. Based on an assumption 
of new saturated conditions, the following compar- 
ison of the number of pounds per day of hydrocar- 
bon removed per horsepower is 8.9 for enhanced 
bioreclamation, 83 for soil venting, and 12 for 
groundwater extraction. Bioreclamation assumes a 
1-horsepower pump lifting 10 gpm 20 feet with the 
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addition of 500 mg/I peroxide; soil venting, a 1- 
horsepower blower extracting 50 cfm of 5,000 ppm 
hydrocarbon vapor; and extraction. Groundwater 
extraction assumes 1-horsepower pump lifting 10 
gpm of hydrocarbon-saturated (100 mg/l) ground- 
water 20 feet. Although enhanced bioreclamation 
appears to be the most expensive and least proven 
of these alternatives, it is the only currently avail- 
able in-situ remedial technology that might clean 
up heavier nonvolatile hydrocarbons or deeper 
hydrocarbons in a reasonable time period, or that 
has the potential to result in total in-situ oxidation 
and destruction of contaminants. (See also W89- 
01530) (Geiger-PTT) 
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APPLICABILITY OF IN-SITU BIORECLAMA- 
TION AS A REMEDIAL ACTION ALTERNA- 
TIVE, 
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Descriptors: *Groundwater pollution, *Water pol- 
lution treatment, *Cleanup operations, *Organic 
compounds, *Biodegradation, Aquifers, Path of 
pollutants, Injection wells, Groundwater move- 
ment, Pumping, Toxicity, Site selection. 


In-situ bioreclamation can be used to clean up 
groundwater systems contaminated with organic 
chemicals. The process works by stimulating the 
growth of the indigenous microbial population to 
degrade the contaminants in the aquifer. Oxygen 
and nutrients are added to the groundwater using 
injection wells and infiltration galleries. The 
groundwater is moved through the formation by 
pumping wells. Several factors must be considered 
before in-situ bioreclamation is chosen as the reme- 
dial alternative for the cleanup of a particular site. 
The factors can be divided into three categories: 
(1) site characteristics, (2) contaminant characteris- 
tics, and (3) microbial characteristics. Foremost in 
the site characteristics is the ability to move water 
through the formation at sufficient rates for a 
timely solution to be effected. The most important 
characteristics of the contaminants are their biode- 
gradability and potential toxicity to the microorga- 
nisms. Many common groundwater contaminants 
are readily biodegradable. Others may be degrad- 
able at somewhat slower rates and less completely, 
while some compounds are probably not amenable 
to in-situ bioreclamation. The microbial character- 
istic of importance is the presence of an acclimated 
population. For many situations, but not all, in-situ 
bioreclamation will be an effective remedial action 
alternative. (See also W89-01530) (Author’s ab- 
stract) 
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Experiments were undertaken to demonstrate the 
feasibility of biodegrading chlorinated compounds 
in groundwater over a range of environmental 
conditions. The biodegradation and mineralization 
of trichloroethylene by methane oxidizing bacteria 
was demonstrated. Chloroform, vinyl chloride, 


methylene chloride, isomers of dichloroethylene 
and ethylene dibromide were also biodegraded. 
Similar experiments were conducted in groundwat- 
er containing both chlorinated compounds and 
non-chlorinated compounds such as benzene, tolu- 
ene, acetone and tetrahydrofuran. In the presence 
of methane oxidizing bacteria, extensive biodegra- 
dation of both chlorinated and non-chlorinated 
chemicals was observed. Biodegradation was also 
demonstrated in a saturated soil environment. A 
laboratory aquifer simulator was constructed to 
model the design of a proposed in situ treatment 
system which required the recirculation of con- 
taminated groundwater through the aquifer. Trans- 
1,2-dichloroethylene (trans-1,2-DCE) was chosen 
as the test compound since it was rapidly biode- 
graded and produced an immediate product during 
methanotrophic biotransformation. The intermedi- 
ate has been identified as trans-1,2-DCE epoxide 
and is readily identified during the same GC analy- 
sis used for the parent compound. The epoxide is 
chemically unstable with a half-life of 30 hours. 
These experiments showed that when methane was 
added to the aquifer simulator trans-1,2-DCE rap- 
idly disappeared and the epoxide intermediate ap- 
peared immediately. The appearance of the inter- 
mediate is evidence of the in situ biodegradation in 
a saturated soil environment. A portion of a con- 
taminated groundwater plume has been defined 
and will be treated with methane, mineral nutrients 
and oxygen to simulate growth of methane oxidiz- 
ing bacteria. (See also W89-01530) (Author’s ab- 
stract) 
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In 1960 an injection well was completed for dis- 
posal of waste water generated by a petroleum 
refinery in the New Orleans, Louisiana area. The 
injected waste stream contained primarily phenols, 
hydrocarbons, and spent caustic. The well was 
perforated for disposal into a sand approximately 
2000 feet deep. Although the well was completed 
with a backwash tubing, disposal was directly 
down the casing. In 1980 injected fluids were 
discovered coming to the surface around the well. 
Integrity testing found leaks in the casing between 
140 and 212 feet below land surface. Upon installa- 
tion of a monitoring-well network in 1982, injected 
wastes were found in an adjacent shallow sand 
extending westward approximately 150 feet. Em- 
placement of additional monitor wells in the only 
heavily pumped aquifer in the New Orleans area, 
some 700 feet deep, found no evidence of contami- 
nation. Since 1982, some 250,000 barrels of water 
have been removed from the contaminated sand. 


Contaminant levels of phenols, the primary con- 
taminant indicator, have dropped from a high of 
1600 mg/l in July 1982 to 13 mg/l in August 1985 
in the monitor well showing the highest initial 
contamination. Consideration is being given to en- 
hancement of the native bacteriological degrada- 
tion by air and/or nutrient injection. The case 
history is unique in that the chronology covers a 
period of time which includes both pre- and post- 
regulatory compliance with respect to permitting, 
monitoring, reporting, inspection and testing of 
injection wells. (See also W89-01564) (Author’s 
abstract) 
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pollution prevention, *Seepage control, *Hazard- 
ous wastes, *Leachates, Soil mechanics, Oil spills, 
Polychlorinated biphenyls, Landfills, Phenols, 
Dewatering, Methane, Water pollution control, 
Cleanup operations. 


Slurry cutoff walls are nonstructural barriers con- 
structed to intercept and impede the flow of fluids 
underground. There are two basic types of slurry 
cutoff walls, soil-bentonite (SB) and cement-ben- 
tonite (CB). Depending on the nature of the 
project, either method may have some technical or 
economic advantage over the other. In both cases, 
a narrow trench is excavated into nel rome using 
a backhoe or other more specialized equipment. 
The trench is — from collapsing by keep- 
ing it full at all times with bentonite slurry similar 
to drilling mud. In the case of SB walls, the trench 
is subsequently backfilled with a mixture of soil 
and bentonite slurry that forms the permanent im- 
pervious cutoff wall. With the CB method, cement 
is added to the slurry, which later sets up, forming 
the permanent seepage barrier. Slurry cutoff walls 
are being used in an increasing variety of applica- 
tions to provide a barrier to the lateral under- 
ground flow of various fluids. Principal applica- 
tions are site dewatering, underground pollution 
control, and seepage barriers under dams. Case 
studies are used to provide examples of recent 
applications in the control of leaching hazardous 
wastes. Projects cited include: containment of soil 
seeping through a reservoir abutment; cleanup of a 
polychlorinated biphenyl (PCB) contaminated site; 
containment of leachates and methane gas migra- 
tion from a sanitary landfill site; and cleanup of a 
site with spilled phenols. All of the examples were 
selected because of the unusual conditions under 
which they were constructed or because of the 
dramatic evidence of results. (See also W89-01612) 
(Author’s abstract) 

W89-01613 


SUBSURFACE POLLUTION CONTAINMENT 
USING A COMPOSITE SYSTEM VERTICAL 
CUTOFF BARRIER, 

Wehran Engineering Corp., Middletown, NY. 

G. W. Druback, and S. V. Arlotta. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 24-33, 5 fig. 





Descriptors: *Water pollution control, *Cutoff 
walls, *Leachates, *Seepage control, *Slurry 
walls, Soil mechanics, Polymers, Groundwater 
movement, Landfills, New Jersey, Bentonite, 
Trenches, Water pollution prevention, Sand. 


A new concept for constructing a vertical imper- 
meable barrier to prevent the migration of polluted 
groundwater or leachate from a contaminated site 
or waste disposal area is —- The composite 
system is a hybrid cutoff wall constructed with 
high density polyethylene (HDPE) and sand back- 
fill and is installed using the slurry trench construc- 
tion method. When installed, a very low perme- 
ability, composite, vertical barrier is established 
with unique engineering properties, including im- 
proved chemical resistance, leak detection, and 
groundwater migration control. A full-scale con- 
struction test project of the system was performed 
at an existing sanitary landfill in New Jersey in the 
fall of 1982 to demonstrate the overall fabrication 
and construction procedures. The test project was 
conducted in three phases: (1) the excavation of a 
trench filled with the bentonite slurry mixture 
through the landfill waste; (2) the cutting and 
seaming of HDPE material to form an envelope; 
and (3) the placement of the envelope and subse- 
quent backfilling with sand and water. The success 
of the operation under often difficult conditions 
proved that the theory and construction concept of 
the composite system barrier can be utilized to 
construct a cutoff wall. Useful information for 
future applications at contaminated sites was 

ined. (See also W89-01612) ( Author’s abstract) 
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THIN SLURRY CUTOFF WALLS INSTALLED 
BY THE VIBRATED BEAM METHOD, 

Purdue Univ., Lafayette, IN. School of Civil Engi- 
yy ae 

G. A. nards, F. Schmednecht, J. L. Chameau, 
and S. Diamond. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 34-44, 5 fig, 1 tab. 


Descriptors: *Slurry walls, *Cutoff walls, *Seep- 
age control, *Slurries, *Soil mechanics, Construc- 
tion, Cements, Bentonite, Permeability, Soil prop- 
erties, Piezometers. 


Thin slurry walls installed by vibrating a beam into 
the ground and injecting a suitable slurry as it is 
withdrawn have been used successfully and eco- 
nomically in a variety of = ype most notably 
as permanent seepage cutoffs, a means of temporar- 
ily controlling groundwater during construction, 
and a device for containment of toxic wastes. The 
equipment and construction techniques for install- 
ing the cutoff, and details of various types of 
slurries suitable for different applications are de- 
scribed. Recent development and improvements in 
the electrical and mechanical systems have made 
the driver-extractor a much more versatile and 
reliable machine. The crawler crane mainly hoists 
the weight of the vibrator, leads, and beam, while 
the vibrator guiding leads maintain successive 
beam penetrations in the same plane. The injection 
beam is a standard wide flange beam section with 
sufficient rigidity to maintain vertical straightness 
without bowing under the dead weight and forces 
of the vibrator. Positive displacement pumps can 
be used effectively to pump slurry directly into the 
injection beam up to a distance of 762 m. Two 
distinct families of slurry materials have been used, 
based respectively on portland cement-bentonite 
formulations and on patented formulations involv- 
ing asphalt emulsions. Field and laboratory tests 
were conducted to determine the variation in ef- 
fective permeability of slurry walls installed at 
sharp inclinations (up to 45 degrees); to check the 
continuity of vertical and inclined walls, especially 
at intersections of the wall segments; to determine 
the variation in thickness of the walls; and to 
develop expertise in the construction of inclined 
walls. Results of pumping tests and trough exami- 
nation showed that battered slurry walls can be 
constructed in sandy soil to provide satisfactory 
seepage barriers. Except for the upper 0.6 to 0.9 m 
of wall, a continuous cutoff with an overall effec- 
tive permeability of the order of .000002 cm/s was 
provided. (See also W89-01612) (Author's abstract) 
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EVALUATION OF TWO METHODS FOR CON- 
STRUCTING VERTICAL CUTOFF WALLS AT 
WASTE CONTAINMENT SITES, 

American Colloid Co., Skokie, IL. 

C. P. Jepsen, and M. Place. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 45-63, 9 fig, 14 ref. 


Descriptors: *Cutoff walls, *Waste disposal, 
*Water pollution prevention, *Slurry walls, *Seep- 
age control, Bentonite, Cements, Permeability, 
Trenches, Construction, Comparison studies, Slur- 
ries, Water pollution control, Grouting. 


Two methods of constructing vertical cutoff walls 
for the control of migrating waste materials - the 
conventional slurry trenching method and the vi- 
bratory beam method - are compared. Convention- 
al slurry trenching is a method by which a continu- 
ous trench is excavated under a slurry consisting 
primarily of sodium bentonite and water. Follow- 
ing excavation, the trench is backfilled with a 
mixture of excavated soil, bentonite, and water to 
form a continuous soil-bentonite cutoff wall. A 
variation of this technique is the cement-bentonite 
slurry trenching method in which a slurry consist- 
ing of cement, bentonite, and water is used. The 
vibratory beam injection method involves penetra- 
tion, to a preselected depth, of a wide flange beam 
containing integral grout injection equipment. As 
the beam is vibrated into position, soil consolida- 
tion and displacement occurs. After reaching the 
desired depth, the beam is vibrated up out of the 
penetration, leaving a consolidation void which is 
pressure-grouted full with a grout that hardens in 
place. Successive beam penetrations are over- 
lapped to form the cutoff wall. The conventional 
slurry trenching method provides for more posi- 
tive quality control in two ways: (1) excavation 
allows for inspection of all trench dimensions, and 
(2) removal of material from the trench allows for 
visual inspection of the suitability of the excavated 
aquaclude material into which a trench is being 
keyed. The vibratory beam injection method must 
settle for above ground indications of conditions 
below. Beam alignment tolerances and beam de- 
flections limit the effectiveness of this method, 
especially at penetration depths greater than 14.1 
m. (See also W89-01612) (Geiger-PTT) 

W89-01616 


INFLUENCE OF INORGANIC PERMEANTS 
UPON THE PERMEABILITY OF BENTONITE, 
International Minerals and Chemical Corp., De- 
troit, MI. 

G. Alther, J. C. Evans, H. Y. Fang, and K. 
Witmer. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 64-74, 6 fig, 1 tab, 4 ref. 


Descriptors: *Water pollution control, *Permeabil- 
ity, *Seepage control, *Bentonite, *Cutoff walls, 
Waste management, Polymers, Cations, Anions, 
Clays, Soil properties, Slurries, Salts. 


A total of 16 inorganic aqueous solutions were 
utilized as permeants to determine their effects 
upon the permeability of both contaminant resist- 
ant (polymerized) bentonite and untreated benton- 
ite. Of the aqueous solutions tested, those with 
potassium cations or chloride anions or both in- 
duced the largest permeability increases with in- 
creasing electrolyte concentration. Conversely, so- 
lutions with sodium cations or carbonate anions 
had the least impact upon the permeability of 
bentonite. It was also observed that doubly 
charged cations have a greater initial effect on the 
permeability than do singly charged cations. Fur- 
thermore, a saturation limit was in evidence for 
doubly charged cations, indicating that beyond 
certain concentrations the further addition of the 
soluble salts had only limited additional impact 
upon the permeability. For selected bentonite-con- 
taminant combinations, slurry cracking pattern 
tests were conducted. A correlation between the 
permeability changes and the results of the crack- 
ing pattern tests was demonstrated. It is concluded 
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that the character of the solute anions, as well as 
the primary cations, affect the permeability of ben- 
tonite clays. Further, the Gouy-Chapman model of 
diffuse double layer was found to be generally 
consistent with the test data. (See also W89-01612) 
(Author's abstract) 

W89-01617 


EFFECTS OF VARIOUS LIQUIDS ON CLAY 
SOIL: BENTONITE SLURRY MIXTURES, 
Brown (K.W.) and Associates, Inc., College Sta- 
tion, TX. 

For primary bibliographic entry see Field 8D. 
W89-01619 


PERMEABILITY TESTING ON CLAYEY SOIL 
AND SILTY SAND-BENTONITE MIXTURE 
USING ACID LIQUOR, 

Woodward-Clyde Consultants, Englewood, CO. 
For primary bibliographic entry see Field 8D. 
W89-01622 


DESIGN AND TESTING OF A COMPACTED 
CLAY BARRIER LAYER TO LIMIT PERCOLA- 
TION THROUGH LANDFILL COVERS, 

Notre Dame Univ., IN. Dept. of Civil Engineer- 


ing. 

J. A. Mundell, and B. Bailey. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 246-262, 12 fig, 2 tab, 17 ref. 


Descriptors: *Liners, *Water pollution prevention, 
*Clays, *Cutoff walls, *Landfills, *Seepage con- 
trol, Linings, Soil mechanics, Permeability, Testing 
procedures, Soil compaction, Soil properties. 


The design and testing of a compacted clay barrier 
layer to restrict vertical percolation through land- 
fill covers is discussed. General relationships be- 
tween compaction water content, dry unit weight, 
and permeability related to changes in soil fabric 
due to varying compaction conditions are re- 
viewed. Laboratory testing programs to evaluate 
the degree of imperviousness capable of being 
achieved in the filed for a given soil type are 
outlined, and a case study of the design and testing 
of a compacted clay barrier over a landfill is 
presented. Based on the results of the laboratory 
testing program prior to construction, it was deter- 
mined that a design permeability of from | to 5 
times 10 to the minus 8th power cm/second could 
be achieved by controlling the minimum dry unit 
weight to greater than 95% of the standard Proc- 
tor dry density and the compaction water content 
to greater than 1% wet of the line of optimums. 
Results of laboratory permeability testing on undis- 
turbed ring and block samples taken from the 
landfill barrier layer indicated that an average per- 
meability of 2 times 10 to the minus 8th power cm/ 
second had been achieved. (See also W89-01612) 
(Author's abstract) 

W89-01629 


PERMEABILITY OF FLY ASH AND FLY ASH- 
SAND MIXTURES, 

Wisconsin Power and Light Co., Madison, WI. 
K. D. Vesperman, T. B. Edil, and P. M. 
Berthouex. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 289-298, 5 fig, 3 tab, 5 ref. 


Descriptors: *Permeability, *Fly ash, ‘*Sand, 
*Liners, *Water pollution prevention, *Landfills, 
Hydraulic gradient, Linings, Soil compaction, Soil 
properties, Soil porosity. 


In an experimental program aimed at evaluating 
the potential of fly ash for use in liners, permeabil- 
ity tests were performed on two pozzolanic fly 
ashes from western U.S. coal sources compacted at 
varying densities and mixed in varying percentages 
with a quartz sand. Permeability testing was per- 
formed in a falling head, flexible membrane, triaxi- 
al cell permeameter. A back pressure of 380 kPa 
and a hydraulic gradient of 10 to 20 were applied 
to the permeability specimens. The two pozzolanic 
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fly ashes exhibit different degrees of self-cementa- 
tion, which causes a dramatic influence on the 
resulting permeability values. The highly self-ce- 
menting fly ash exhibits nearly a full three orders 
of magnitude lower permeability than the less self- 
cementing fly ash. Increasing density, while not as 
important as the coal source, decreases permeabil- 
ity in both types of fly ash on the order of about 
half a magnitude. Moisture content is also an im- 
portant factor since it controls the extent of cemen- 
tation as well as compaction density. Increasing 
percentages of fly ash in the mixtures decreases the 
permeability up to a limiting value when the 
volume of fly ash and water added exceeds the 
available pore space between the sand grains; for 
instance, the mixture of 40% self-cementing fly ash 
and 60% sand exhibits essentially the same perme- 
ability as the 100% fly ash specimen. The study 
indicates that the addition of pozzolanic fly ash to 
an otherwise highly permeable soil results in a 
dramatic reduction in permeability. The self-ce- 
menting fly ash exhibits 1,000 to 10,000 folds of 
permeability reduction with final permeabilities of 
less than .000001 mm/second and seems quite suit- 
able for liner applications. (See also W89-01612) 
(Author’s abstract) 

W89-01632 


SOIL-CEMENT LINERS, 

Portland Cement Association, Skokie, IL. Energy 
and Water Resources Dept. 

For primary bibliographic entry see Field 8D. 
W89-01633 


HAZARDOUS AND 
WASTE TESTING 
VOLUME. 

For primary bibliographic entry see Field 7B. 
W89-01634 


INDUSTRIAL SOLID 
AND DISPOSAL: SIXTH 


LOW-COST DATA MANAGEMENT FOR PRO- 
TECTION OF GROUND-WATER RESOURCES: 
THE IMPORTANCE OF QUALITY ASSUR- 


Louisiana Dept. of Environmental Quality, Baton 
Rouge. 

For primary bibliographic entry see Field 7C. 
W89-01641 


PRINCIPLES OF BIORECLAMATION OF 
CONTAMINATED GROUND WATER AND 
LEACHATES, 

Drexel Univ., Philadelphia, PA. Dept. of Civil 
Engineering. 

G. F. Parkin, and C. R. Calabria. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
151-173, 5 fig, 2 tab, 41 ref. 


Descriptors: *Leachates, *Biodegradation, *Bio- 
logical treatment, *Groundwater pollution, *Water 
pollution treatment, Recycling, Hazardous wastes, 
Water treatment, Bacteria, Wastewater treatment. 


Improper disposal of hazardous wastes has resulted 
in contamination of saturated and unsaturated sub- 
surface materials (the soil/rock/groundwater 
system) and production of leachates. One of the 
least appreciated and least applied remedial treat- 
ment techniques for these contaminated materials 
is biological treatment. Such treatment can result 
in the destruction of hazardous contaminants and 
may be cheaper than other alternatives. Efficient 
bioreclamation can occur when a proper, uniform 
environment for the bacteria, adequate contact be- 
tween the contaminated materials and the bacteria, 
and sufficient time to effect the degradation are 
provided. Maintaining the proper environment 
(aerobic, anaerobic, or both) includes making sure 
biodegradable organics are present in sufficient 
quantity, paying attention to microbial nutrition, 
keeping the pH in a suitable range, and ensuring 
that the bacteria can adapt to the presence of toxic 
substances. Selection of the bioreclamation tech- 
nique to be used depends on the nature and con- 
centration of the contaminants. The choices for 
above-ground treatment are suspended-growth and 
attached/entrapped-growth reactors. Attached/en- 


trapped-growth systems have significant advan- 
tages for treating hazardous wastes. The three 
basic options for in-situ treatment are (1) enhance- 
ment of indigenous bacteria, (2) extraction-injec- 
tion-recycle, and (3) creation of a_ biologically 
active barrier. Patience and an appreciation for the 
keys to efficient biological treatment are required 
to make these options work. (See also W89-01634) 
(Author’s abstract) 

W89-01644 


DEVELOPING GUIDES FOR SAMPLING AND 
ANALYSIS OF GROUND WATER, 

Dow Chemical Co., Baton Rouge, LA. Louisiana 
Div. 

For primary bibliographic entry see Field 7A. 
W89-01653 


GLOUCESTER PROJECT: A STUDY IN OR- 
GANIC CONTAMINANT HYDROGEOLOGY, 
Department of the Environment, Ottawa (Ontar- 
io). River Road Environmental Technology 
Center. 

For primary bibliographic entry see Field 5B. 
W89-01666 


ACCELERATING RECOVERY OF THE MER- 
CURY-CONTAMINATED WABIGOON/ENG- 
LISH RIVER SYSTEM. 

Ontario Ministry of the Environment, Thunder 
Bay (Ontario). 

J. W. Parks, and A. L. Hamilton. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 159-188, 13 fig, 4 tab, 64 ref. 


Descriptors: *Mercury, *Wabigoon River, *Eng- 
lish River, *Ecological effects, *Water pollution 
treatment, *Water pollution effects, Methyl mercu- 
ty, Fish, Partitioning, Suspended sediments, Inor- 
ganic compounds, Water temperature, Bioaccumu- 
lation, Ontario, Fate of pollutants, Clay. 


Mercury levels (essentially methyl mercury - 
MeHg) in sportfish in a 250 km section of the 
Wabigoon-English River system remain seriously 
elevated as a result if the discharge of approximate- 
ly 10 tons of inorganic Hg from a chlor-alkali plant 
at Dryden, Ontario, which occurred primarily be- 
tween 1962 and 1970. The discharges resulted in 
elevated Hg concentrations in water, sediments 
and biota. Field studies in 1978-81 suggest that 
partitioning of inorganic and MeHg between sur- 
face sediment, water and suspended particles 
occurs within days. MeHg levels in water were 
partitioned with total (essentially inorganic) Hg. 
Temperature affects both Hg and MeHg levels in 
water; concentrations fluctuated seasonally by an 
order of magnitude at some sites. Hg in contami- 
nated surface sediments is almost certainly the 
primary source of the mercury now entering the 
water and biota in this contaminated watercourse. 
Mercury levels in biota decline less dramatically 
with distance downstream of Dryden than Hg 
concentrations in sediments. Natural erosion, resu- 
spension and sedimentation processes have helped 
to reduce the amount of Hg in the active layer at 
the sediment/water interface and the most effec- 
tive means of accelerating the recovery of the 
system will probably involve measures to acceler- 
ate these natural processes. Enclosure experiments, 
regional surveys and geochemical studies all pro- 
vide evidence that the biological uptake of up- 
stream anthropogenic Hg loadings at any given site 
would likely be reduced dramatically by the con- 
tinuous addition of modest quantities of pristine 
clay sediment. The quantities contemplated, when 
resuspended, would result in suspended solids con- 
centrations on the order of 15-25 ppm, a value 
higher than for most shield waters but well within 
the range of many other watercourses in North 
America. (See also W89-01714) (Lantz-PTT) 
W89-01730 


CONTAMINATED SEDIMENTS IN THE ELBE 
ESTUARY: ECOLOGICAL AND ECONOMIC 
PROBLEMS FOR THE PORT OF HAMBURG, 


Behoerde fuer Wirtschaft, Verkehr und Landwirts- 
chaft, Hamburg (Germany, F.R.). 

For primary bibliographic entry see Field 5C. 
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SEDIMENT-ASSOCIATED CONTAMINANTS: 
AN OVERVIEW OF SCIENTIFIC BASES FOR 
DEVELOPING REMEDIAL OPTIONS, 
Technische Univ. Hamburg-Harburg (Germany, 
F.R.). 


For primary bibliographic entry see Field 5B. 
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PROTOCOL FOR THE SELECTION OF PROC- 
ESS-ORIENTED REMEDIAL OPTIONS TO 
CONTROL IN SITU SEDIMENT CONTAMI- 
NANTS, 

International Joint Commission-United States and 
Canada, Windsor (Ontario). 

R. L. Thomas. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 247-258, 1 fig, 2 tab, 10 ref. 


Descriptors: *Sediment contamination, *Water 
pollution treatment, Water pollution control, 
Dredging, Path of pollutants, Remedial action, 
Monitoring. 


The role of sediments in the adsorption and de- 
sorption of toxic elements and compounds is well 
known. By these processes, elements are moved 
from their points of origin to a final sink. Areas of 
intense human activity are characterized by the 
production of a large array of toxic materials, 
many of which may be found in the sediments of a 
variety of areas in the world. It has been shown, 
even when sources of elements and compounds 
have been eliminated, that the recovery rate of 
such areas in non-existent or slow due to the direct 
effects of the polluted sediment on the associated 
ecosystem. This paper briefly discusses the prob- 
lem and discusses a number of remedial options 
and their selection. The options include dredging, 
leaving in place or a series of inactivation methods 
to be applied in situ. These in situ methods include 
covering, ploughing and acceleration of the rate of 
sediment accumulation. Following any remedial 
action, monitoring must continue to ensure that the 
system is recovering in a manner that achieves the 
specified objectives of the remedial plan. (See also 
W89-01714) (Author’s abstract) 

W89-01735 


TRADEOFFS BETWEEN STREAM REGULA- 
TION AND POINT SOURCE TREATMENTS IN 
COST-EFFECTIVE WATER QUALITY MAN- 
AGEMENT, 

Tennessee Valley Authority, Norris. Water Sys- 
tems Development Branch. 

G. E. Hauser, and R.J. Ruane. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 329-338, 5 fig, 1 
tab, 7 ref. 


Descriptors: *Water quality control, *Regulated 
flow, *Wastewater treatment, *Streams, *Water 
quality management, *Costs, Dissolved oxygen, 
Water pollution sources, Flow profiles, Fort Pat- 
rick Henry Dam. 


This project supports a joint study by the U.S. 
EPA and the Tennessee Valley Authority (TVA) 
designed to identify the cost-effectiveness of differ- 
ent improvement strategies for obtaining various 
dissolved oxygen (DO) levels. The study was also 
conducted in conjunction with TVA efforts to 
further enhance water quality downstream from 
TVA dams. The cooperative efforts of these agen- 
cies resulted in initiation and completion of an 
exploratory study of water quality improvement 
strategies for a 30-km reach of the Holston and 
South Fork Holston Rivers near Kingsport, Ten- 
nessee. Using DO as the primary management vari- 
able, the following improvement strategies were 
explored: (1) further restriction on discharge of 
oxygen-demanding wastes; (2) varying flow re- 





gimes with Fort Patrick Dam; (3) turbine aeration 
at Fort Patrick Henry Dam; (4) instream oxygen 
injection; and (5) combinations of the aforemen- 
tioned. (See also W89-01736) (Lantz-PTT) 
W89-01758 


WATER TEMPERATURE CONTROL AND 
AREAL OXYGEN CONSUMPTION RATES AT 
A NEW RESERVOIR, AND THE EFFECTS ON 
THE RELEASE WATERS, 

Army Engineer District, Portland, OR. 

For primary bibliographic entry see Field 2H. 
W89-01759 


INCREASING THE OXYGEN CONTENT OF 
THE KALAJOKI RIVER, 

National Board of Waters, Helsinki (Finland). 

E. Lakso. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 353-362, 7 fig, 1 
tab, 8 ref. 


Descriptors: *Oxygen, *Kalajoki, *Water quality 
management, *Rivers, *Finland, Seasonal varia- 
tion, Aeration, Thermal stratification. 


In Finland, the need to raise the oxygen content of 
waters is most evident in late winter when the ice 
cover prevents the water from receiving oxygen 
from the air. In Central and Southern Finland, the 
watercourses become ice-bound in November-De- 
cember, and the ice melts in April-May. Although 
the water temperature in winter is only 0-4 C, the 
pollution loads put on the systems cause rapid 
consumption of the available oxygen. Despite 
wastewater treatment, some waterways or parts of 
watercourses have such a high loading factor that 
the oxygen content drops too low for the use of 
these waters for fisheries or for some other pur- 
poses. Low oxygen concentrations may also cause 
problems during early autumn, usually when large 
amounts of treated wastewater are discharged into 
relatively small streams. Temporary lowering of 
the oxygen content of the water has also been 
observed as the result of algal blooms. The proba- 
bility of these occurring in Western Finland is not 
very great, due to the fairly cold climate as well as 
the characteristic brown color of the waters there. 
As the result of the thermal stratification which 
occurs in lakes and reservoirs, oxygen depletion 
problems generally occur in the bottom layers. 
The oxygen of the hypolimnion has been improved 
by pumping surface water rich in oxygen into the 
lower layers. In some instances, the hypolimnion 
has also been aerated. The oxygen content of river 
water has been improved by aerating at overflow 
dams and, in the Kaljoki River, at the powerplants 
on an experimental basis. The oxygen level has not 
been raised through the use of pure oxygen, except 
for a few very short trial runs as the use of oxygen 
is expensive. (See also W89-01736) (Lantz-PTT) 
W89-01760 


WILDLIFE PROTECTION, MITIGATION, AND 
ENHANCEMENT PLAN, PALISADES 
PROJECT, 

Idaho Dept. of Fish and Game, Boise. 

R. C. Martin, and H. J. Hansen. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-009911. 
Price codes: A06 in paper copy, AO1 in microfiche. 
DOE Report No. DOE/BP/62775--1, November 
1986. 110p, 1 fig, 14 tab, 62 ref. DOE Contract 
DE-AI79-86BP62775. 
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Under direction of the Pacific Northwest Electric 
Power Planning and Conservation Act of 1980 and 
the subsequent Northwest Power Planning Coun- 
cil’s Columbia River Basin Fish and Wildlife Pro- 
gram, projects have been developed in Idaho and 
Wyoming to mitigate the losses of wildlife habitat 
and annual production due to the development and 
operation of the Palisades Project. A modified 
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Habitat Evaluation Procedure (HEP) was used to 
assess the benefits of the preferred mitigation plan 
to wildlife. The interagency work group used the 
target species Habitat Units (HU’s) lost with inun- 
dation of the reservoir area as a guideline during 
the mitigation planning process, while considering 
needs of wildlife in eastern Idaho and western 
Wyoming. A total of 37,068 HU’s were estimated 
to be lost as a result of the inundation of the 
Palisades Reservoir area. Through a series of pro- 
tection/enhancement projects, the preferred miti- 
gation plan will provide benefits of an estimated 37 
66 HU’s. Target species to be benefited by this 
mitigation plan include bald eagle, mule deer, elk, 
mallard, Canada goose, mink, yellow warbler, 
black-capped chickadee, ruffed grouse, and per- 
egrine falcon. (Author’s abstract) 

W89-01771 


SIMPLE IN-STREAM TEST OF LABORATORY 
FINDINGS THAT NTA PROTECTS FISH AND 
—_—e AGAINST COPPER AND 
Guelph Univ. (Ontario). Dept. of Zoology. 

For primary bibliographic entry see Field SC. 
W89-01794 


SUPPLEMENTARY REPORT OF THE FLAT- 
HEAD RIVER INTERNATIONAL STUDY 
BOARD. 

International Joint Commission-United States and 
Canada, Columbus, OH. 

July 1988. 24p, 1 fig, 4 ref. 


Descriptors: *Water pollution prevention, *Envi- 
ronmental effects, *Flathead River, *Coal mining, 
Water quality, Water quantity. 


In February 1984, the British Columbia govern- 
ment granted Sage Creek Coal Limited approval- 
in-principal for a 2.2 million tons (2.4 million tons) 
per year thermal coal mine located 10 km upstream 
from the International boundary on Howell and 
Cabin Creeks, tributaries of the Flathead River. 
The mine plan is based on 21 years of mining at 
this rate. Coal reserves, however, exist for a fur- 
ther 20 years of mining at the same rate. The 
effects of the mine on Cabin and Howell Creeks at 
and immediately downstream of the mine site are 
difficult to predict because of the complex interre- 
lationships between surface and groundwater hy- 
drology. Additional information regarding possible 
mitigative measures, study needs, and provincial 
government regulation, requested in a letter to the 
Board from the Commission is provided based on 
information given by the various divisions of the 
Commission. (See also W89-01808) (Lantz-PTT) 
W89-01809 


COMPUTER MODELS IN ENVIRONMENTAL 
PLANNING, 

Ohio State Univ., Columbus. Dept. of City and 
Regional Planning. 

For primary bibliographic entry see Field 6A. 
W89-01823 


PROTECTING AQUATIC RESOURCES: AN 
ECOLOGIST’S PERSPECTIVE, 

Oak Ridge National Lab., TN. Environmental Sci- 
ences Div. 

J. M. Giddings. 

IN: Aquatic Toxicology and Environmental Fate: 
Ninth Volume. A Symposium Sponsored by 
ASTM Committee E-47 on Biological Effects and 
Environmental Fate, Philadelphia, PA, April 14- 
16, 1985. ASTM Special Technical Publication 
921, 1986. p 97-104, 1 fig, 16 ref. DOE Contract 
DE-AC05-840R21400. 


Descriptors: *Toxicology, *Water pollution pre- 
vention, *Aquatic toxicology, *Ecological effects, 
Model studies, Ecosystems, Bioassay, Toxicity, 
Chemicals. 


Because natural populations are linked by a variety 
of ecological interactions (for example, predation 
and competition), the response of any particular 
population to chemical exposure depends on how 
the rest of the ecosystem is affected. Mathematical 
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models and field experiments demonstrate that 
such interactions can amplify or diminish the im- 
pacts of contaminants on populations. When direct 
toxic effects result in persistent, significant changes 
in some parts of an ecosystem, other populations in 
the ecosystem become vulnerable to indirect ef- 
fects. Protection of aquatic populations, then, re- 
quires protection of aquatic ecosystems. The 
threshold of persistent, significant damage to an 
ecosystem is a distinct discontinuity in the gradient 
of ecosystem response to increasing chemical expo- 
sure. The safe level of exposure for an aquatic 
ecosystem can be determined experimentally using 
microcosms or field enclosures. It is hypothesized 
that safe exposure levels for ecosystems are usually 
near the lower end of the chronic toxicity range 
for single species. Data on chemical effects in 
ecosystems are needed in order to calibrate stand- 
ard bioassay and to verify the accuracy of methods 
for extrapolating from bioassay results to nature. 
(See also W89-01892) (Author’s abstract) 
W89-01900 


ARE THE ‘GUIDELINES FOR DERIVING NU- 
MERICAL NATIONAL WATER QUALITY CRI- 
TERIA FOR THE PROTECTION OF AQUATIC 
LIFE AND ITS USES’ BASED ON SOUND 
JUDGMENTS, 

Environmental Research Lab.-Duluth, MN. 

C. E. Stephan. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 


pec 
1985. p 515-526, 2 tab, 21 ref. 


Descriptors: *Toxicology, *Aquatic toxicology, 
*Standards, *Water quality control, * Aquatic life, 
Ecosystems, Bioaccumulation, Hazard assessment. 


Until recently, procedures used to derive water 
quality criteria for aquatic life were not well de- 
fined and few principles were identified. On 28 
November 1980 the EPA published ‘Guidelines for 
Deriving Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses’ in the Federal Regis- 
ter. These have been subsequently revised and 
renamed ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection of 
Aquatic Life and Its Uses’ and are referred to as 
the ‘National Guidelines.’ In addition, guidelines 
have been developed for deriving site-specific cri- 
teria either by modifying national criteria or by 
using other appropriate information. Procedures 
for deriving water quality criteria and for assessing 
hazard to aquatic life have many similarities be- 
cause both make use of information from many 
areas of aquatic toxicology. In addition, both 
assume that the science has developed sufficiently 
that these activities are feasible and desirable and 
that appropriate rationales are available for making 
necessary decisions concerning various technical 
issues. (See also W89-01930) (Author's abstract) 
W89-01962 


HOW REPRESENTATIVE ARE THE DATA 
SETS USED TO DERIVE NATIONAL WATER 
QUALITY CRITERIA, 

EA Engineering, Science, and Technology, Inc., 
Northbrook, IL. Midwest Regional Office. 

G. Seegert, J. A. Fava, and P. M. Cumbie. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 527-537, 4 fig, 2 tab, 13 ref. 


Descriptors: *Toxicology, *Databases, *Water 
quality, *Standards, *Data interpretation, * Aquatic 
toxicology, Toxicity, Minnows, Bluegills, Daph- 
nia. 


One of the key assumptions implicit in developing 
national water quality criteria is that the data base 
used to derive the criteria includes data from a 
reasonable cross section of the aquatic communi- 
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ties to be protected. This requires testing not only 
a large number of species but those species that 
represent a variety of taxonomic and functional 
groups. Examination of the national toxicity data 
base indicated that the toxicity data which it con- 
tains does not meet these assumptions because (for 
21 priority pollutants) 40% of the data are on a few 
regularly tested species such as bluegill and fathead 
minnow and one quarter of the data are on only 
two families, Daphnidae and Salmonidae. Further- 
more, for many chemicals, many of the species that 
have been tested are restricted to the northeastern 
and/or upper midwest portions of the United 
States. Evidence also suggests that sensitive species 
may be over-represented in the national toxicity 
data base. The net result is that there is now a great 
deal of data about a few species, but little or no 
data about the vast majority of species. Nor do the 
data available necessarily represent a reasonable 
cross section, based on sensitivities or ecological 
importance. The above assertions are supported 
here using examples from the national data base 
and from data bases on individual chemicals. This 
indicates a need for information on a wider variety 
of organisms in order for the national data base to 
be representative of the full range of sensitivities 
expected in the population as a whole. While it is 
recognized that it will not be possible to conduct 
tests on all species, the underlying distribution of 
the data base should be understood before appro- 
priate statistical methods can be developed to 
derive national water quality criteria for the pro- 
tection of aquatic life. (See also W89-01930) 
(Lantz-PTT) 

W89-01963 


AQUATIC HAZARD EVALUATION PRINCI- 
PLES APPLIED TO THE DEVELOPMENT OF 
WATER QUALITY CRITERIA, 

Monsanto Co., St. Louis, MO. 

R. A. Kimerle, A. F. Werner, and W. J. Adams. 
IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 538-547, 5 tab, 10 ref. 


Descriptors: *Toxicology, *Hazard assessment, 
*Water quality control, *Standards, * Aquatic toxi- 
cology, Lethal limits, Bioassays, Daphnia, Fathead 
minnows, Bluegill, Trout, Fish, Toxicity. 


The methodology to derive a national water qual- 
ity criterion requires that the acute toxicity data 
base contain at least eight species from eight fami- 
lies. The thesis investigated here is that for many 
chemicals, fewer species acute toxicity tests are 
adequate for deriving criteria and for screening 
chemicals to determine whether a criterion is nec- 
essary. This is especially true when the exposure 
concentration is expected or known to be several 
orders of magnitude below the acute effect con- 
centration. An 82 chemical acute toxicity data base 
with an average of 9.5 species acute toxicity tests 
per chemical was reviewed for the relationship 
between the most sensitive species LC sub 50 value 
and LC sub 50 values for four of the most com- 
monly tested species: Daphnia, fathead minnow, 
bluegill, and rainbow trout. It was concluded that 
for 90% and 98% of the 82 chemicals reviewed, 
the Daphnia and fathead minnow acute data were 
within one and two orders of magnitude, respec- 
tively, of the most sensitive species. The ability to 
predict the LC sub 50 for the sensitive species is 
improved if three species are used; 98% of the LC 
sub 50 are included with Daphnia, fathead 
minnow, and bluegill and 93% with algae, Daph- 
nia, and fathead minnow. Therefore it was con- 
cluded that for many chemicals, acute tests with 
only two or three species are enough to determine 
that a water quality criterion is not needed for the 
chemical. (See also W89-01930) (Author’s abstract) 
W89-01964 


ROLE OF PHYTOTOXICITY TESTS IN THE 
DERIVATION OF NUMERICAL NATIONAL 
WATER QUALITY CRITERIA, 

Illinois State Water Survey, Peoria. Water Quality 
Section. 


W. Wang. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, APril 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 548-550, 2 fig. 


Descriptors: *Water quality control, *Phytotoxi- 
city, *Standards, *Toxicology, *Toxicity, *Aquat- 
ic toxicology, Aquatic plants. 


The Guidelines state that the phytotoxicity test 
procedure has not been well developed, yet indi- 
cate that plant species are not as sensitive to toxici- 
ty as animals. The author contents that it is too 
early to draw a conclusion on the sensitivity of 
plant toxicity tests. The objective approach for the 
National Guidelines to take is to encourage further 
studies so that a better assessment can be made 
when more results are available. (See also W89- 
01930) (Lantz-PTT) 

W89-01965 


EVALUATION OF A SITE-SPECIFIC WATER 
QUALITY CRITERION FOR PENTACHLORO- 
PHENOL USING OUTDOOR EXPERIMENTAL 
STREAMS, 

Environmental Research Lab.-Duluth, Monticello, 
MN. Monticello Ecological Research Station. 

S. F. Hedtke, and J. W. Arthur. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 551-564, 1 fig, 3 tab, 17 ref. 


Descriptors: *Toxicology, *Aquatic toxicology, 
*Water quality control, *Standards, *Pentachloro- 
phenol, Toxicity, Bioassays, Aquatic toxicology, 
Ecosystems, Snails, Fish, Periphyton. 


An overview of a study to evaluate a site-specific 
water quality criterion for pentachlorophenol 
(PCP) in outdoor experimental streams is present- 
ed. The site-specific criterion was calculated from 
acute toxicity results for eight resident species and 
the relationship between acute and chronic toxicity 
of PCP. The PCP concentration expected to pro- 
tect aquatic life (30-day average criterion concen- 
tration) was < or = to 48 micrograms/L. Out- 
door experimental streams were subsequently 
dosed continuously for 84 days at 48, 144, and 432 
micrograms PCP/L. Measurements of the biologi- 
cal structure and ecosystem processes within the 
exposure streams were compared to a control 
system. Effects on snails were found only at 432 
micrograms/L, but effects on fish, periphyton, and 
system metabolism were found at 432, 144, and 48 
micrograms/L. The small differences between the 
criterion-dosed stream (48 micrograms/L) and the 
control stream may have been caused by PCP or 
interstream variation. The acceptability of this cri- 
terion concentration depends in part on the defini- 
tion of protection of aquatic life and its uses. (See 
also W89-01930) (Author’s abstract) 

W89-01966 


USE OF STATISTICAL INFORMATION TO 
IMPROVE COMPATIBILITY BETWEEN THE 
VARIOUS COMPONENTS OF THE WATER 
QUALITY BASED APPROACH, 

Environmental Research Lab.-Duluth, MN. 

N. A. Jaworski, and D. I. Mount. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 565-573, 10 ref. 


Descriptors: *Toxicology, *Aquatic toxicology, 
*Water quality control, *Standards, *Statistical 
studies, Wastewater management, Water quality 
management. 


During the past two decades, implementation pro- 
cedures in wastewater management often resulted 
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in a large margin of safety being incorporated into 
the use of water quality criteria for the protection 
of aquatic life and its uses. Wasteload allocation 
design conditions, such as the use of seven-day, 
ten-year low flow, gave assurances of instream 
concentrations well below the water quality crite- 
ria a large percentage of time. Present-day eco- 
nomic conditions and the increasing cost of ad- 
vanced wastewater treatment are necessitating a 
re-examination of how water quality criteria are 
being used in the water quality based approach for 
establishing effluent limitations. The relationships 
between water quality criteria and other compo- 
nents of the water quality based approach are 
identified. The need for a better defined and more 
consistent use of statistical information is suggested 
not only in the development of water quality crite- 
ria but also for the entire water yan d based 
approach. Intensity, duration, and frequency of 
occurrence (return period) appear to be three 
common statistical parameters of the six-step water 
quality based approach. Research is identified 
which, if pretty would allow water quality 
managers better insight in determining pollutant 
exposures that more adequately simulate receiving 
water conditions resulting from variable stream 
flows, wastewater discharge rates, and pollutant 
concentrations. (See also W89-01930) (Author’s ab- 
stract) 
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ENVIRONMENTAL 
WATER PROJECTS. 
For primary bibliographic entry see Field 4A. 
W89-01990 


MANAGEMENT OF 
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WATER RESOURCES PROJECTS, 

For primary bibliographic entry see Field 6G. 
W89-01991 


FOR 


TECHNICAL REVIEW OF THE FACTORS AF- 
FECTING 2,4-D FOR AQUATIC USE, 

For primary bibliographic entry see Field 4A. 
W89-01996 


TECHNICAL REVIEW OF THE FACTORS AF- 
FECTING ENDOTHALL FOR AQUATIC USE, 
For primary bibliographic entry see Field 4A. 
W89-01997 


TECHNICAL REVIEW OF FACTORS AFFECT- 
ING DIQUAT FOR AQUATIC USE, 
Environmental Protection Agency, Washington, 
DC 


For primary bibliographic entry see Field 4A. 
89-01998 


PROCEEDINGS OF THE 42ND INDUSTRIAL 
WASTE CONFERENCE. 

For primary bibliographic entry see Field SD. 
W89-02006 


COST ALLOCATION AT SUPERFUND SITES, 
Environmental Resources Management-North 
Central, Inc., Deerfield, IL. 

R. O. Ball, E. F. Millano, and J. W. Polich. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 15-27, 2 fig, 8 tab, 16 ref. 


Descriptors: *Water pollution control, *Costs, 
*Cleanup operations, *Superfund, *Disposal sites, 
Case studies, Mathematical studies, Hazardous 
wastes. 


A methodology to allocate cleanup costs at Super- 
fund sites among Responsible Parties is presented. 
The methodology is simple, and complicated cal- 
culations are not required. The calculations can be 
readily using a spreadsheet format. The allocations 
is based upon the relative environmental impact at 
up to four receptors, and considers both the nature 
and quantity of the materials contributed to the site 





by the parties. The results of a case study present- 
ed that the allocation of costs based on waste 
volume is unfair when the environmental impact of 
a generator’s waste is low compared to those of 
other wastes, but its volume is comparatively high. 
Since the reason for cleanup of hazardous waste 
disposal sites is the impact they have (or will have) 
on the environment, the methodology presented 
here may represent a more reasonable way of 
allocating cleanup costs of Superfund sites among 
Responsible Parties, compared to a simple waste 
volume allocation. (See also W89-02006) (Lantz- 


PTT) 
W89-02009 


COOPERATIVE EFFORT TO REMEDIATE A 
HISTORICAL PCB DISPOSAL SITE, 

Aluminum Co. of America, Davenport, IA. Dav- 
enport Works. 

M. K. Sonksen, and D. V. Crawford. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 33-38, 2 fig, 1 tab. 


Descriptors: *Cleanup operations, *Polychlorinat- 
ed biphenyls, *Disposal sites, *Water pollution 
control, Trenches, Caps, Groundwater pollution, 
Water pollution prevention, Water quality control, 
Costs, Monitoring, Iowa. 


In the period of 1981 through 1984, Alcoa, Daven- 
port Works, spent $3.4 million to eliminate a PCB 
contaminated oil lagoon located next to the Missis- 
sippi River. By working closely with state and 
federal environmental agencies, a remedial action 
plant, including a collecting trench and cap and 
cover system, was developed that minimized the 
immediate environmental threat of an open lagoon 
and established a reasonable closure and monitor- 
ing plan. Although only future monitoring will 
determine the absolute success of the system, re- 
sults to date look good. Groundwater data being 
collected under the plan will confirm the long- 
term effectiveness of the existing system and, if 
necessary, provided valuable information for 
future modifications or adjustments. (See also 
W89-02006) (Lantz-PTT) 
W89-02010 


DESIGN, ECONOMICS, AND OPERATION OF 
A BIOLOGICAL TREATMENT SYSTEM FOR 
KETONE CONTAMINATED GROUND AND 
SOLVENT RECOVERY PROCESS WATERS, 
DETOX, Inc., Dayton, OH. 

For primary 'pibliographic entry see Field 5D. 
W89-02012 


LEACHABILITY OF SOLIDIFIED (BA, RA)SO4 
SEDIMENTS IN SIMULATED SETTLING 
PONDS, 
Environmental 
(Ontario). Waste Water Technology Centre. 
For primary bibliographic entry see Field 5B. 
W89-02013 


Protection Service, Burlington 


BIODEGRADATION OF ORGANIC COM- 
POUNDS IN ANOXIC GROUNDWATER SYS- 


Black and Veatch, Philadelphia, PA. 

W. G. Wilson, and J. T. Novak. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 197-205, 7 fig, 1 tab, 4 ref. 


Descriptors: *Fate of pollutants, *Groundwater 
pollution, *Biodegradation, *Organic compounds, 
Alcohols, Methanol, Hydrogen ion concentration, 
Nitrates, Sulfates. 


Two alcohol compounds were of interest in this 
study, methanol and tertiary-butyl alcohol (TBA). 
The state of the groundwater environment and 
microbial population will determine the rate and 
pathways of biodegradation. Degradation of both 
methanol and TBA has been demonstrated in sub- 
surface microcosms, but the rate of TBA removal 
is usually very slow. In this study microcosms 
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were used to investigate the variations in alcohols 
degradation rates in groundwater systems. Also, 
alternative electron acceptors (nitrate and sulfate) 
were added to the oxygen-poor environment to 
determine whether anaerobic respiration might 
occur. The microcosms were dosed with base to 
determine pH effects on nitrate-dosed, sulfate- 
dosed, and non-amended microcosms. The non- 
nitrate- or sulfate-amended microcosms did not 
respond to increased pH with enhanced biodegra- 
dation. The highest pH treatment caused inhibition 
of methanol degradation rates and had little effect 
on TBA degradation. Addition of sulfate was gen- 
erally unsuccessful in stimulating alcohols degrada- 
tion. Nitrite toxicity was evident in some of the 
nitrate-dosed microcosms at pH 5.1. A higher pH 
allowed enhancement of methanol degradation to 
proceed, especially at pH 7 and above. Biodegra- 
dation of TBA was moderately stimulated in some 
pH 6.0 microcosms and all pH 8.8 microcosms. 
Alcohol uptake rates were calculated as one over- 
all rate which was described by a straight line of 
best fit for the data points. Methanol degradation 
rates were generally highest in nitrate-dosed mi- 
crocosms and lowest in sulfate-dosed microcosms. 
The TBA biodegradation rates are approximately 
40 to 200 times lower than the aitenal uptake 
rates. (See also W89-02006) (Lantz-PTT) 

W89-02027 


INVESTIGATION OF INGROUND BIOLOGI- 
CAL TREATMENT FOR GROUNDWATERS 
CONTAMINATED WITH VOLATILE ORGAN- 
IC COMPOUNDS, 

Purdue Univ., Lafayette, IN. School of Civil Engi- 
neering. 

R. W. Peters, W. L. Oresik, and B. Minsley. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 207-228, 6 fig, 9 tab, 28 ref. 


Descriptors: *Groundwater pollution, *Volatile 
organic compounds, *Water pollution treatment, 
*Biological treatment, *Cleanup tions, Soil 
columns, In-situ treatment, Geohydrology, Vinyl 
chloride, Dichloroethane, Dichlorethylene, Trich- 
loroethane, Soil properties, Hydrogen ion concen- 
tration. 


The Kalamazoo Public Utility operates a water 
supply system consisting of 116 wells and 25 a 
stations, providing an average of 17 = 

station in the s: , Station No. 11, was found to 
have low levels of 1-5 ppb of 1,2-dichloroethane 
and cis-1,2-dichloroethylene. the first quar- 
ter of 1981, the Kalamazoo Public Utilities institut. 
ed a system wide monitoring of its 15 well fields 
for volatile organic compounds (VOCs). Station 11 
was one of two well fields found during this first 
round of — to contain VOCs. In January 
1982, a third well field began to show low levels of 
trichloroethane contamination. Because contami- 
nant levels had not changed during one year’s 
monitoring at Station 11, the new contamination 
problem at the third well was given higher priority 
and on-going monitoring was maintained for Sta- 
tion 11. Station 11 finally was elevated in priority 
in late 1984, when routine sampling began to show 
the presence of vinyl chloride, a known 
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ON-SITE TREATMENT SYSTEMS FOR AQUI- 
FER RESTORATION BIOLOGICAL TREAT- 
MENT, 

Geraghty and Miller, Inc., Oak Ridge, TN. 

P. D. Kuhimeier. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 229-235, 2 fig, 4 tab, 3 ref. 


Descriptors: *Groundwater pollution, *Cleanup 
operations, *Aquifer restoration, *Water pollution 
treatment, *Biological treatment, Biodegradation, 
Anaerobic bacteria, Activated sludge, Trickling 
filters, Economic aspects, Aerobic bacteria, Organ- 
ic compounds, Filtration. 


In-situ and above-ground methods of treating con- 
taminated groundwater are discussed. Key factors 
in selecting appropriate treatment technology are: 
pollutant characteristics, source characteristics, 
soil properties, and aquifer properties. The most 
common method of in-situ treatment involves ex- 
tracting contaminated groundwater from selected 
wells and mixing the water with acclimated bacte- 
ria and nutrients in a short-detention-time reactor. 
Other methods are passive treatment in-place and 
biotrenches. Classical activated sludge and trick- 
ling filters processes have been employed in aero- 
bic above-ground treatment of contaminated soils. 
Economics of these systems are discussed. (See 
also W89-02006) (Lantz-PTT) 
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EFFLUENT TOXICITY MONITORING METH- 
ODOLOGY EVALUATED FOR FIVE INDUS- 
TRIAL DISCHARGERS, 

Engineering-Science, Fairfax, VA. 

For primary bibliographic entry see Field 5D. 
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WASTE REDUCTION IN ILLINOIS: AN OVER- 
VIEW 


Illinois State Water Survey Div., Savoy. Hazard- 
ous Waste Research and Information Center. 

D. D. Kraypbill, and D. L. Thomas. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 321-329, 6 fig, 5 tab, 11 ref. 


Descriptors: *Hazardous wastes, *Waste manage- 
ment, *Waste disposal, *Illinois, Management plan- 
ning, Data acquisition, Recycling, Separation proc- 
esses, Information exchange. 


The Illinois Hazardous Waste Research and Infor- 
mation Center (HWRIC) has recognized that the 
ultimate solution to hazardous waste problems is to 
reduce the generation of waste at its source. The 
Center has therefore developed a program in Illi- 
nois to address this important issue. Components of 





gen. In 1985, the Utility initiated a hydrogeologic 
investigation to determine the scope, source(s), and 
potential remedial action(s) for Station 11. The 
operation of the soil columns is in the early phases, 
so the results are very preliminary at this point in 
time. Previous research has shown that microbial 
in situ treatment is capable of degrading organic 
contaminants in groundwater systems. The soil is 
slightly alkaline in nature, low in nutrients, high in 
hardness, has a moderate cation exchange capacity, 
and consists primarily of sand. The soil should be 
amenable to microbial in situ treatment from all 
indications. The water analyses on the contaminat- 
ed wells indicate the water is relatively high in 
hardness and alkalinity (with the majority of the 
alkalinity in the bicarbonate form), trace amounts 
of heavy metals, slightly alkaline conditions, mod- 
erate dissolved solids concentrations, and low nu- 
trient conditions (nitrogen and for pune The 
performance of the soil columns will continue to 
be monitored in this on-going study. (See also 
W89-02006) (Lantz-PTT) 
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this 4 are discussed, including: (1) source 
segregation/separation; (2) process modifications; 
(3) raw material substitution; (4) material recov- 
ery/recycling; (5) material exchange; (6) treatment; 
(7) new process equipment; and (8) corporate or 
management strategies. In Illinois, the quality of 
the data gathered to satisfy the RCRA waste mini- 
mization statement requirement leaves much to be 
desired from an information gathering standpoint. 
The two biggest problems in this regard are the 
rather low response rate (46%) by generators who 
are required to submit statements and a lack of 
detailed information on the statements that are 
submitted. (See also W89-02006) (Lantz-PTT) 
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STUDY AND IMPLEMENTATION OF WASTE 
MINIMIZATION AT IBM AUSTIN, 
Montgomery (James M.), Inc., Pasadena, CA. 
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REGULATION OF TOXIC ORGANICS IN IN- 
DUSTRIAL SEWER DISCHARGES AT THE 
SANITATION DISTRICTS OF LOS ANGELES 
COUNTY, 

Los Angeles County Sanitation Districts, Whittier, 
CA 


For primary bibliographic entry see Field SE. 
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GEOSYNTHETICS FOR USE IN WASTE FA- 
CILITIES, 

S and ME, Inc., Fairfield, OH. 

J. A. Bove, and G. R. Koerner. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 393-397, 3 fig, 6 ref. 


Descriptors: *Waste disposal, *Water pollution 
prevention, *Linings, *Landfills, *Geosynthetics, 
Separation, Filtration, Drainage, Moisture barriers, 
Containment, Design criteria. 


Geosynthetics are man-made synthetics used in the 
improvement of soil and rock. The word ‘Geo- 
synthetics’ is a generic term which collectively 
describes geotextiles, geomembranes, geonets, geo- 
grids and geocomposites. It is commonly accepted 
that there are five functions that a geosynthetic can 
serve. These five functions are separation, filtra- 
tion, drainage, reinforcement and moisture barrier. 
Depending on the application, the five functions 
can occur as individual functions or in combination 
with one another. It is the goal of a designer to 
prioritize the functions governing his project, and 
to design accordingly. Some of the geosynthetics 
on the market are so new that even basic physical, 
chemical, mechanical and hydraulic properties 
about them are unknown. Furthermore, such prop- 
erties as long term compatibility, creep susceptibili- 
ty, biological degradation and long term clogging 
are essential, but unknown for many of the prod- 
ucts on the market. In lieu of these limitations, it is 
evident that there is enough confidence in geo- 
synthetics at present to design and build waste 
containment systems using geosynthetics. Further- 
more, it is believed that facilities can be built with 
a reasonable degree of confidence and at cost 
immeasurable to society as a whole. The resources 
of both government and industry need to be fo- 
cused on long-term field and laboratory evaluation 
of geosynthetics if the ay of confidence is to 
increase. (See also W89-02006) (Lantz-PTT) 
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CLASSIFYING INDUSTRIAL SLUDGE USING 
A KNOWLEDGE-BASED EXPERT SYSTEM, 
North Carolina State Univ. at Raleigh. Dept. of 
Civil Engineering. 

A. C. Chao, W. J. Rasdorf, and W. E. Paige. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 399-407, 8 ref, append. 


Descriptors: *Wastewater treatment, *Computer 
programs, “Classification, *Hazardous wastes, 
*Expert systems, *Model studies, *Sludge, *Indus- 
trial wastewater, Waste disposal, Ignitability, Cor- 
rosion, Toxicity, Hydrogen ion concentration, Ad- 
sorption, Biodegradation, Decision making, Chem- 
ical properties, Pilot plants. 


The criteria for identifying the characteristics of 
hazardous wastes listed in the North Carolina Haz- 
ardous Waste Management Rules and Solid Waste 
Management Law are used as bases by the North 
Carolina regulatory agencies to determine whether 
an industrial sludge is non-hazardous and thus can 
be disposed of in a municipal sanitary landfill. A 
knowledge-leased system for classifying industrial 
sludge is described. M.1 is a microcomputer-based 
knowledge engineering tool for building small 
knowledge systems with limited computational re- 
quirements. It was used to develop a prototype 
expert system to classify industrial sludge based on 
several criteria, including pH, moisture content, 
impurities, chemical fixation, and results solubility, 
adsorption, biodegradation, and other tests. The 
program consists of 55 rules and 69 knowledge 
base entries. Advantages and disadvantages of the 


system and plans for future development and im- 
plementation are discussed. (See also W89-02006) 
(Lantz-PTT) 
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WISCONSIN GROUNDWATER QUALITY 
STANDARDS: CAN WASTEWATER LAND 
TREATMENT SYSTEMS MEET THEM, 
Wisconsin Dept. of Natural Resources, Madison. 
Div. of Environmental Standards. 

For primary bibliographic entry see Field 6E. 
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INDUSTRIAL WASTES AND SOIL LEAD CON- 
CENTRATION AS A BASIS FOR REMEDIAL 
OR OTHER ACTION, 
Missouri Univ.-Rolla. 
Center. 

For primary bibliographic entry see Field 6E. 
W89-02083 
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TWO-STAGE BIOLOGICAL/CHEMICAL 
TREATMENT OF HAZARDOUS WASTE 
LANDFILL LEACHATE, 

Technische Univ., Brunswick (Germany, F.R.). 
For primary bibliographic entry see Field 5D. 
W89-02094 


MANGANESE TREATMENT BY TWO NOVEL 
METHODS AT ABANDONED COAL STRIP 
MINES IN NORTH ALABAMA, 

Tennessee Technological Univ., Cookeville. 
Center for the Management, Utilization and Pro- 
tection of Water Resources. 

For primary bibliographic entry see Field 5D. 
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TREATMENT OF COAL ASH/MINE REFUSE 
LEACHATE: A CASE HISTORY, 
Gilbert/Commonwealth, Inc., Reading, PA. 

For primary bibliographic entry see Field 5D. 
W89-02096 


POLLUTION CONTROL LEGISLATION, 
Imperial Coll. of Science and Technology, London 
ay ores Dept. of Civil Engineering. 

or primary bibliographic entry see Field 6E. 
W89-02100 


HEAVY METALS IN WASTEWATER AND 
SLUDGE TREATMENT PROCESSES. 
VOLUME II: TREATMENT AND DISPOSAL. 
For primary bibliographic entry see Field SE. 
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OVERVIEW OF THE EFFECTIVENESS OF CA- 
NADIAN CHLOR-ALKALI MERCURY REGU- 
LATIONS, 

Department of the Environment, Ottawa (Ontar- 


io). 

D. W. Bissett, and I. T. McBeath. 

IN: Toxic Contamination in Large Lakes. Volume 
I: Chronic Effects of Toxic Contaminants in Large 
Lakes. Lewis Publishers, Chelsea, Michigan, 1988. 
p 315-342, 11 fig, 5 tab, 11 ref. 


Descriptors: *Water pollution control, *Mercury, 
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Aquatic environment, Chemical industry. 


Canadian imports of mercury metal from 1960 to 
1970 averaged 161,000 kg/yr. Back in the early 60s 
there was a strong upward trend with 1965 being 
the peak year when more than 450,000 kg were 
imported largely to meet inventory requirements 
for new and expanded chlor-alkali plants. Chlor- 
alkali plants in 1969-70 accounted for > 47% of 
the total Hg used in Canada. About 32% of the Hg 
emissions (about 75 tons) were accounted for by 
the 15 chlor-alkali plants, located primarily in On- 
tario and Quebec. In 1971 the Department of Na- 
tional Health and Welfare, in consultation with 
Environment Canada, issued a guideline forbidding 
the sale or consumption of fish containing > 0.5 
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micrograms/gm of Hg. In recent years, regulatory 
and industry actions have worked together to dras- 
tically reduce loadings to levels where further 
reductions would be technologically difficult. The 
levels of Hg in fish taken from waters near chlor- 
alkali wastewater outfalls (and previous outfalls) 
have shown a dramatic decrease due to the signifi- 
cant reduction in Hg discharges. Regulation of Hg 
uses, discharges and emissions from chlor-alkali 
plants has had a demonstrated impact on reducing 
Hg levels in aquatic life in many areas in Canada. 
(See also W89-02121) (Lantz-PTT) 
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FISHERIES MANAGEMENT, WATER QUAL- 
ITY AND ECONOMIC IMPACTS: A CASE 
STUDY OF LAKE KINNERET, 

Kinneret Limnological Lab., Tiberias (Israel). 

For primary bibliographic entry see Field 81. 
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UNITING HABITAT QUALITY AND FISHERY 
PROGRAMS IN THE GREAT LAKES, 

Great Lakes Fishery Commission, Ann Arbor, 
ML., 

C. M. Fetterolf. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 85-100, 1 fig, 20 ref. 


Descriptors: *Water quality control, *Great Lakes, 
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Despite the remarkable recoveries of Great Lakes 
fisheries since the 1950s and water quality since the 
1970s, many of today’s fishery problems are related 
to environmental conditions. Recognizing the pub- 
lic’s resource must receive full consideration in the 
present and proposed uses of the lakes, in 1981 the 
12 agencies with mandated responsibility for the 
welfare of Great Lakes fisheries developed and 
signed a Joint Strategic Plan for management of 
Great Lakes fisheries under the aegis of the Great 
Lakes Fishery Commission (GLFC). The four fun- 
damental strategies involve consensus, accountabil- 
ity, environmental management and jement 
information. Four strategic procedures of the plan 
were designed to aid in coordinating environmen- 
tal and fishery agency management efforts into a 
complementary process: (1) referral of environ- 
mental issues which impede achievement of fishery 
objectives to the GLFC; (2) representation by the 
GLFC in such issues to the most appropriate body; 
(3) identification of fishery agency plans to achieve 
environmental objectives; and (4) establishment of 
a Habitat Advisory Board to assist lake committees 
and the GLFC in environmental issues. In 1986 the 
Habitat Advisory Board added to the Strategic 
Plan a component for the protection, rehabilitation 
and enhancement of habitat required to ensure 
accomplishment of fishery management objectives. 
The fish habitat component emphasizes five areas: 
information, legal, working arrangements, inter- 
vention/advocacy, and public participation. Fish 
are of central interest to the remediation and reha- 
bilitation initiatives underway throughout the 
Great Lakes. For fish habitat management and 
planning to be successful, a web of involvement 
must be developed at all levels of responsibility 
across agency and jurisdictional boundaries. The 
habitat needs for fish communities must be decided 
by fishery managers, and consensus on program 
objectives needs to be developed among the many 
related agencies. Optimum results can only be 
achieved by uniting habitat quality and fishery 
programs in both the planning and operational 
stages. (See also W89-02137) (Author’s abstract) 
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LAKE ORTA (N. ITALY): RECOVERY AFTER 
THE ADOPTION OF RESTORATION PLANS, 
Istituto Italiano di Idrobiologia, Novara. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 





gan, 1988. p 101-130, 4 fig, 4 tab, 29 ref. 
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Heavy industrial pollution (copper and ammonium 
sulfate) from a rayon factory was responsible for 
the disappearance of almost all forms of life in the 
lake since the late twenties. The in-lake N-NH4 
oxidation produced a gradual N-NO3 accumula- 
tion and a progressive strong decrease of pH down 
to values around 4. The copper concentration 
peaked at about 100 micrograms/L in the mid- 
sixties, when additional sources of heavy metals 
(Cu, Zn, Cr) i.e. several new metal ety facto- 
ries were set up on the lake western shores. Toxici- 
ty texts with rainbow trout indicated that Cu at the 
prevailing very low pH was the major cause of 
absence of pelagial fish in the lake. In 1976, the 
new Italian water pollution law obliged the rayon 
factory to set up a large, new treatment plant for 
the recovery of Cu and ammonium sulfate; at the 
same time new plants for domestic and industrial 
effluents were planned and are now finished or 
under construction. This resulted in an immediate 
change in the lake water composition, particularly 
in the N-NH4 concentration (now at about 2 mg 
N-NH4/L) and in some signs of recovery in the 
biological community, e.g. blooms of Brachionus 
urceolaris and the settlement of a new population 
of Tubifex tubifex in the profundal zone. A re- 
search program is now being conducted on the 
lake and its ‘paralimnion’, in order to adequately 
survey the recovery process and to give useful 
suggestions for the adoption of possible direct 
measures. Liming of the South basin of the lake is 
being seriously taken into consideration and a 
proper scientific and technical program set up as a 
collaboration between the CNR-Istituto Italiano di 
Idrobiologia, Pallanza and the Regione Piemonte 
and the Provincia di Novara. (See also W89-02137) 
(Lantz-PTT) 
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gan, 1988. p 281-289. 


Inc., Washington, DC. 


Descriptors: *Water pollution control, *Informa- 
tion exchange, *Legal aspects, *Public policy, 
Regulations, Public participation, Water pollution 
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Prevention of degradation and use of our water- 
ways as convenient disposals for chemicals and 
modern living in general must be a major concern, 
not only to assure the wholesomeness of fishery 
products, but also to avoid the negative effects of 
toxins on the ability of the resources to reproduce 
and flourish. There is no way of knowing whether 
the major decline in such stocks as the Atlantic 
Coast striped bass is due to the fishing pressure, 
eutrophication, or toxic contamination of water- 
ways were spawning takes place. The matter of 
preventing further degradation of these waters is a 
topic for another day. In this paper two aspects of 
dealing with the problem are commented on: One, 
the law itself and its interpretation and two, the 
flow of information to the public. (See also W89- 
02137) (Lantz-PTT) 
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A necessary aspect of fisheries management is a 
water pollution control program that wil not only 
provide nontoxic water quality conditions but also 
ensure that fish do not contain unacceptable levels 
of toxic substances for human consumption. Michi- 
gan has recently promulgated revisions to Rule 
323.1057 of its Water Quality Standards that estab- 
lish a regulatory process that will protect public 
health and the environment from discharges of 
toxic substances from point source surface water 
discharges. Rule 57(2) specifically addresses the 
development of allowable toxicant levels in the 
waters of the state applicable to point source dis- 
chargers. The universe of chemicals to which the 
subrule applies is defines, an upper boundary on 
estimated excess risk of 1 in 100,000 for non- 
threshold carcinogens is established, comprehen- 
sive procedural guidelines are mandated and a 
mechanism for issuance of scheduled abatement 
permits is provided. This paper reviews the devel- 
opment of the rule amendments and discusses key 
aspects of the adopted rules and guidelines. (See 
also W89-02137) (Author's abstract) 
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The third of four volumes on toxic contamination 
in large lakes focuses on the sources and fate of 
contaminants and methods for their control. The 
= included were presented at a conference on 
large lakes held in Michigan in May 1986. The 22 
papers in the third volume cover such topics as the 
contribution of urban and agricultural areas to lake 
pollution, atmospheric sources of toxic materials, 
the prediction of exposure potential, integrated 
waste mangement, contamination of Lakes Ontar- 
io, Superior Michigan, Baikal, Maggiore, and Ma- 
nagua. (See W89-02121; W89-02137; W89-02156 
thru W89-02176) (Lantz-PTT) 
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TAL PROTECTOR. THE APPROACH OF A 
CHEMICAL COMPANY TO PROCESS AND 
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Imperial Chemical Industries Ltd., Brixham (Eng- 
land). 

For primary bibliographic entry see Field 6E. 
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, 
Chemical Industry Inst. of Toxicology, Research 
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IN: Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Contami- 
nants. Lewis Publishers, Chelsea, Michigan, 1988. 
p 151-163, 7 ref. 
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If the level of exposure is sufficient, chemicals 
have the capacity to cause a wide variety of toxic 
effects in humans. There are a number of means 
available to assess the ability of chemicals to ad- 
versely affect humans. The most important of these 
are epidemiology and tests in experimental animals. 
Epidemiology provides the most direct or least 
ambiguous data concerning whether adverse 
health effects have occurred in humans exposed to 
a chemical. Unfortunately, there are a number of 
limitations to the use of epidemiology. These limi- 
tations are detailed in the paper. However, the 
most important limitation is lack of sensitivity. 
Currently, tests in animals are the most useful 
means available for determining the potential of a 
chemical to cause toxic effects in humans. A wide 
variety of protocols have been developed to deter- 
mine the potential of chemicals to cause a wide 
variety of toxic effects in experimental animals, but 
a major limitation of animal tests is uncertainty 
about the degree of applicability of chemical toxic- 
ity observed in experimental animals to humans. 
This uncertainty extends not only to differences in 
the qualitative response of experimental animals 
and humans to chemicals, but more particularly to 
uncertainty about differences in the degree of re- 
sponse to various exposure levels. Unquestionably, 
the best estimate of the potential of a chemical to 
cause toxicity in humans is derived by use of all the 
data that are available (epidemiology, results in 
animals, results in other model systems, knowledge 
of the mechanism of toxicity of the chemical). (See 
also W89-02155) (Author's abstract) 
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TOXIC CONTAMINATION IN LARGE LAKES. 
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The fourth of four volumes on toxic contamination 
in large lakes focuses on contamination prevention. 
The papers included were presented at a confer- 





Field 5—WATER QUALITY MANAGEMENT AND PROTECTION 


Group 5G—Water Quality Control 


ence on large lakes held in Michigan in May 1986. 
The 26 papers in the fourth volume include studies 
of Lake Biwa, Japan; Lake Geneva, and the Great 
Lakes; the role of the news media, citizen groups, 
and research in determining public policy with 
respect to lake management; and several studies on 
the international aspects of pollution prevention 
and cleanup of large lakes. Three papers are in- 
cluded on large Chinese lakes. The volume also 
contains summaries of the four conference sessions. 
(See W89-02121; W89-02137; W89-02155; W89- 
02177 thru W89-02195) (See also W89-02176) 
(Lantz-PTT) 
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Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 155-178, 2 fig, 2 tab, 12 ref. 
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In 1972, the U.S. Congress, in amending the U.S. 
Water Pollution Control Act (P.L. 92-500) set a 
national goal to eliminate all water pollutant dis- 
charges by 1983. The nation’s waters are not yet 
pristine and point-source water pollution controls 
alone are proving insufficient to meet the objec- 
tives of the Clean Water Act. The final report of 
PLUARG, Environmental Management Strategy 
for the Great Lakes System, to International Joint 
Commission in 1978, is still valid. It resulted from 
an extensive six year study of the impact on water 
quality from and used for a variety of activities, 
including agricultural, forestry, transportation, 
urban development and waste disposal. Pollution 
from nonpoint sources is best characterized by the 
large numbers, the wide variety, the intermittent 
nature of inputs, the seemingly insignificant nature 
of the individual contributions, the damaging effect 
of the cumulative impact, and a wide variety of 
economic, social and institutional interactions play- 
ing a role. Key elements of the recommended 
strategy included regional prioritization of prob- 
lem areas, expansion of soil erosion and animal 
waste control programs, comprehensive manage- 
ment strategy, and incorporating the load reduc- 
tion schedules for phosphorus in the Great Lakes 
Water Quality Agreement between Canada and the 
U.S.A. After nearly a decade of implementation of 
the four major components of the ‘Strategy’ (infor- 
mation, education and technical assistance, plan- 
ning, fiscal arrangements and regulation, current 
problems) are analyzed. The recommendations in 


1978 by PLUARG provided a solid foundation for 
accelerating nonpoint source programs. Flexible 
management systems and control measures capable 
of incremental adjustments in response to a chang- 
ing environment will be required. (See also W89- 
02176) (Author’s abstract) 
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YUNNAN PROVINCE, 

Environmental Science Research Inst. of Yunnan 
Province, Kunming (China). 

F. Liu, X. Zhang, and J. Zhang. 
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Yunnan Province is located in the southwest area 
of China, bound by Vietnam and Laos on the south 
and adjoining Burma in the east. Lakes are very 
important to the Yunnan people for living and 
development of their economy. The relationship 
between development and protection, short-term 
and long-term benefits, individual and comprehen- 
sive benefits, economic and social benefits, eco- 
nomic and environmental benefits was not consid- 
ered during the development of the lake resource. 
All this resulted in a shortage of water, ecological 
environmental deterioration, ecological balance 
dislocation, drought aggravation, calamity increase 
and obstacles to economic development. To study 
lake protection from the environmental system op- 
timization point of view, requires most important- 
ly, that water pollution be controlled, water qual- 
ity be improved and water problems be tackled in 
a comprehensive way. Methods of pollution con- 
trol would include: (1) putting the lake under 
management, limiting new pollution source; (2) 
controlling existing pollution sources, discharge 
pollutant concentration and total discharge 
volume; (3) reclaiming municipal wastewater for 
comprehensive utilization to decrease the new 
water demand; and (4) developing strict discharge 


standards. Ecological initiatives, establishing a pro- 
tection area and developing tourist trade, and es- 
tablishing a mechanism for lake management, are 
other routes for improving the lake protection 
program. (See also W89-02176) (Lantz-PTT) 
W89-02194 
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Michigan State Univ., East Lansing. Coll. of Agri- 
culture and Natural Resources. 

For primary bibliographic entry see Field 6A. 
W89-02197 
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In 1982, 73% of the Michigan swine producing 
farms had inventory of | to 99 head of hogs, 19% 
had 100-499 head and only 7% had > 500 head. 
One of the most significant concerns with any 
large scale livestock production facility is the man- 
agement of animal wastes. These wastes are the 
primary source of odor from swine production 
facilities and significant risks to groundwater 
=, Usually regarded as less offensive when 
irst excreted, angie that is allowed to undergo 
anaerobic or septic decomposition is considered 
much more offensive. In addition to odor, animal 
wastes can contribute pollutants to surface water 
and groundwater if not properly managed. De- 
pending on its state of decomposition, manure con- 
tains significant amounts of chemical nutrients, as 
well as oxygen-demanding substances and bacterial 
organisms that degrade water quality. If these 
wastes are spread on the land surface, rain and 
snow melt may wash the pollutants into local 
ponds, lakes, and streams. Where these wastes are 
concentrated and allowed to seep or wash through 
the upper soil zones, these chemical substances 
may also degrade the groundwater (primarily 
through nitrate contamination). Waste manage- 
ment in hog production, whether in pasture, semi- 
confined, or roofed confinement facilities, begins 
with manure management in these facilities. Re- 
moving wastes, pretreating wastes, and field appli- 
cations of waste are the second step, which is then 
followed by disposal/odor control. The regulatory 
framework for controlling wastes for water re- 
source protection comprise the remainder of this 
discussion. (See also W89-02196) (Lantz-PTT) 
W89-02204 
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CROPS WITH NO-TILL CORN, 

Kentucky Agricultural Experiment Station, Lex- 
ington. Dept. of Agronomy. 
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*Nitrates, *Groundwater Bom 





The objectives of this research project were: (1) 
To compare the leaching of nitrate in soil treated 
with nitrogen fertilizer and soil with a legume 
cover crop as the source of nitrogen; (2) To com- 
pare fertilized and cover crop soil with regard to 
soil structure, porosity, and infiltration rates; (3) 
To measure potential rates of soil water consump- 
tion under a living cover crop in the spring, under 
a killed cover crop in early summer, and in soil 
without a cover crop; (4) To relate the resulting 
approximate soil water budgets to the potential for 
leaching and surface runoff. It has been hypoth- 
esized that the growth of legume cover crops 
would increase soil organic matter content, im- 
prove soil structure and so increase water infiltra- 
tion into soil. To test this hypothesis, an attempt 
was made to measure steady state ponded infiltra- 
tion rates. The treatments chosen for comparison 
either had no winter cover crop or had grown a 
winter cover crop of hairy vetch for seven years. 
In both cases, corn was the summer grain crop. 
These were no-till soils; there was no plowing or 
disturbance of the soil. These methods were shown 
to be inadequate. The primary reason is the ex- 
treme spatial variability. This makes it impractical 
to determine treatment differences with any feasi- 
bie number of samples. This variability suggests 
that water and nitrate flux from the soil is hetero- 
geneous in space. Another difficulty with these 
approaches is that they provide single point meas- 
urements, in both a temporal and spatial sense. 
Therefore, they do not directly assess flux of water 
or nitrate. Enclosed lysimeter systems resolve 
these difficulties primarily by allowing collection 
of all flow from a defined area but also by sam- 
pling a larger number of soil. Early results suggest- 
ed that nitrate leaching was greater with vetch 
amended soil than with fertilizer amended soil. A 
study of the decomposition and transformations of 
vetch nitrogen using 15-N labeled plant material 
was successfully completed. The results indicate 
that vetch N, in comparison to fertilizer N, leads to 
lower concentrations of soil inorganic N and great- 
er immobilization of added N in soil organic 
matter. This would reduce the potential for nitrate 
leaching. (See also W89-02196) (Lantz-PTT) 
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Computer models, when coupled with generated 
or long-term weather and soils data, are valuable 
tools providing insight into many aspects of deci- 
sion making for crop production systems. With 
long-term weather data and a crop model, year-to- 
year variations in yield can be quantified and thus 
used in making risk assessment. For the assess- 
ments to be correct and credible, however, crop 
models must be validated in the region where the 
analysis is needed. Crop models such sa CERES 
and WGEN (a weather generating model) have 
limitations for broad applicability. They can only 
account for variations in the factors included in the 
models. Potentially important factors not included 
in the model are assumed to be nonlimiting. The 
major factors not considered in the models de- 
scribed in this paper include pests and nutrient 
deficiencies other than nitrogen. Models of these 
factors can be coupled with crop models, as was 
done with nitrogen in the CERES models, result- 
ing in even more valuable models. Decision sup- 
port systems that include crop models can and 
must play an increasing role in agricultural deci- 
sion making. For this to happen, interdisciplinary 
teams will be needed to provide the necessary 
input information for running and_ validating 
models and for building new components into 
models. There is also a need to make models user- 
friendly to meet the needs of farmers and policy 
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makers in various regions of the world. (See also 
W89-02196) (Lantz-PTT) 
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National Primary Drinking Water Regulations are 
being developed by the U.S. EPA for more than 
80 contaminants in drinking water (many volatile 
organic chemicals, microbiology and turbidity, in- 
organic chemicals, organic chemicals, and radionu- 
clides) under the Safe Drinking Water Act. Nonen- 
forceable health goals, i.e, Maximum Contaminant 
Level Goals (MCLGs) are to be set at the no 
adverse effect level; and the enforceable standards, 
i.e., Maximum Contaminant Levels (MCLs) are to 
be set as close to the MCLGs as feasible. Feasibili- 
ty includes the availability/performance/cost of 
treatment technologies, the availability/capacity of 
analytical methods and other factors. The funda- 
mental concepts and approaches used by EPA in 
setting MCLGs and MCLs are presented, and 
present, future and final MCLGs and MCLs are 
tabulated. (See also W89-02196) (Lantz-PTT) 
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The institutional character of groundwater quality 
absolutely mandates public action. There are few 
situations where the polluting action itself creates 
incentives that are translated back to the polluter 
and are sufficient to change private behavior. Ex- 
ceptions are cases where the polluter destroys his 
or her own water supply, or as in farming where 
application of ‘too much’ nitrogen or pesticide 
results in contamination. Despite high information 
costs, defensible adjustments in the rights and in- 
centives for users of groundwater quality require 
considerably more groundwater and related land 
data. There are Constitutional and other legal 
limits on arbitrary restrictions to individual rights, 
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and all water users are entitled to equal protection. 
Despite the meager record of achievement thus 
far, local policy for groundwater protection shows 
the greatest promise for immediate protection. The 
fourteen regional planning commissions have the 
essential capability of encouraging consistent local 
action across jurisdictional boundaries. However, 
local governments are better able to protect re- 
charge areas than control polluters. Regulation 
against such specific polluting activities as waste 
disposal must be state and federal. To get serious 
about the most damaging agricultural practices 
will take state action as well. A successful program 
of public education was developed by the East 
Michigan Environmental Action Council for nine 
townships in western Oakland County. The pro- 
gram began after discovery of two illegal toxic 
waste disposal sites in 1979 generated considerable 
citizen anxiety. The program was based on the 
belief that ‘effective public education for ground- 
water protection must be carried out by local 
citizens.’ A three-part classification system was 
established enabling planners to pinpoint ground- 
water pollution problems areas. By overlaying 
maps of aquifer vulnerability with groundwater 
use, a composite map was developed which sys- 
tematically determined relative priorities for a pro- 
posed groundwater management plan. (See also 
W89-02196) (Lantz-PTT) 
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The research reported in this paper deals with the 
development and use of biotechnology for treating 
contaminated soils and waste residues at the site of 
the problem. The major treatment methods include 
physical/chemical washing of soils and waste resi- 
dues as a pretreatment followed by biological deg- 
radation. tHe pretreatment followed by biological 
degradation. The challenge to pursue the use of 
biological degradation arose from previous work 
by two of the authors concerning the composting 
of sewage sludge which frequently contains haz- 
ardous organic compounds. In the biodegradation 
of hazardous wastes, it is quite probable that some 
compounds may exhibit greater toxicity to mi- 
crobes than others. In the biodegradation of haz- 
ardous wastes, it is quite probable that some com- 
pounds may exhibit greater toxicity to microbes 
than others. In addition, the concentration in the 
media may also play an important role in determin- 
ing the level of tolerance. The microcalorimeter 
used in this study is a device that offers a conven- 
ient and relatively quick way of determining the 
interaction of the microbiological community with 
a contaminant. Each contaminant or combination 
of contaminants must be checked to learn first if 
the contaminant is metabolizable and , second, 
what the maximum level of concentration of the 
contaminant can be. The microbial activity in 
terms of heat output for a one gram sample is 
termed a ‘thermogram’. A thermogram is recorded 
over a 1-1/2 to 2 day period, and provides the 
information that shows the feasibility of using the 
microbiological community to degrade an organic 
contaminant. The effect of frequent successive ap- 
plications at acceptable loading rates compared 
with single dose may also be important in sustain- 
ing the microbial population. The use of pretreat- 
ment mechanisms such as extraction and chemical 
conversion may help reduce the levels of these 
compounds to concentrations amenable to biode- 
gradation. (See also W89-02267) (Lantz-PTT) 
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The polychlorinated biphenyls (PCBs) are a family 
of compounds that were commonly used over the 
last half century. Their release and accumulation in 
the environment and possible effects on human 
health have sparked an intense interest in devising 
technologies for their destruction or safe disposal. 
For these reasons a research program was studied 
several years ago to further investigate the bacte- 
rial degradation of PCBs. Initially, over two dozen 
new bacterial strains were isolated capable of 
growth on biphenyl (BP) as sole carbon source. 
These strains exhibited exceptional and novel 
PCB-degradative competence. This research has 
demonstrated the biodegradation of various soil- 
bound PCBs under a variety of conditions, using 
both pure and mixed cultures of the bacterial 
strains MB1, H850, and LB400. The authors con- 
clude from these results that it should be possible 
to biologically degrade PCBs on contaminated soil 
in the environment with appropriate cell concen- 
tration and moisture conditions. (See also W89- 
02267) (Lantz-PTT) 
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SIMULATION MODEL FOR HYDROLOGIC 
MANAGEMENT (MODELE DE SIMULATION 
DE LA GESTION HYDROLOGIQUE), 

Laval Univ., Quebec. Dept. of Civil Engineering. 
L. Llamas, R. Fernandez, and A. Galvache. 
Canadian Journal of Civil Engineering CJCEB8, 
Vol. 15, No. 2, p 206-215, April 1988. 12 fig, 2 tab, 
19 ref. English summary. 
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A general methodology for simulation of water 
resources management is suggested. Research was 
conducted in three different levels: an analysis of 
the historical management procedures, the devel- 
opment of some alternative ways to optimal man- 
agement, and the establishment of planning criteria 
at short, middle, and long term. The main con- 
straints, divided into three categories according to 
the severity of probable losses, have been defined 
as a function of several expected goals: hydro 
power, flood control, recreational activities, etc. 
The model was applied with excellent results to 
the upper region of the St. Francois River Basin 
(Quebec, Canada). (Author’s abstract) 
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STREAM WATER QUALITY STANDARDS, 
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Literature published in 1987 on systems analysis 
applied to water pollution control is summarized 
under the following headings: river basin and estu- 
ary models, nonpoint source pollution and storm- 
water management, lake models, groundwater 
models, and optimization models of water and 
wastewater treatment. The review aims to include 
all pertinent, important and significant articles 
without evaluating their merit; when selections 
were made, availability of documents and the pres- 
ence of new information in the article were used as 
inclusion criteria. A brief synopsis of the contents 
is given for each article cited. (Rochester-PTT) 
W89-01461 


LEADING QUESTION: IN SITU STRUCTURES 
OF THOUGHT, 

G. W. Stewart. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 137-157. 
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Habitual failure to take continuing account of the 
global environmental context in economic and 
social decision-making processes, generates and 
sustains a fundamental error of logic in the depic- 
tion of the situation and its possibilities. With 
effort, this error is correctable. Its deliberate and 
conscious correction would have vast practical 
consequence for human decision-making and open 
extraordinary opportunities to persons and soci- 
eties. To illustrate how this thesis has been ap- 
proached in an organizational setting, a description 
is included of a project in which the author as a 
member of a community was asked to assist an 
environmental department of government and its 
Minister to address the environment-economy rela- 
tionship. In the course of the project, the illogic of 
the department’s present construction of the envi- 
ronment/economy relationship was identified and 
it was possible to develop policy options whereby 
the agency could strengthen its role within govern- 
ment by correcting its own approach, and play a 
major national and international role in helping to 
remedy our habitual failing to take the environ- 
mental context logically into account. Environ- 
ment Canada thinks about environment in terms of 
elements that enter into the human economy. It 
would do better to think of human economies as 
elements that enter into the environment, and start 
from there. A new situation vis-a-vis the natural 
environment with the recent growth in human 
numbers and activities has been entered. It is time 
to give the matter serious attention and to begin to 
adjust actions appropriately and explore new op- 
portunities. Environment Canada could best fulfill 
its mandate to protect and enhance the environ- 
ment by being helpful in this process. (See also 
W89-01714) (Lantz-PTT) 
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The use of computer models in environmental 
planning and environmental impact analysis is con- 
stantly growing. This guide shows how to work a 
wide range of models for water quality, air quality, 
stormwater runoff, land capability/land informa- 
tion systems, and hazardous waste disposal. The 
author reviews, compares, and critiques major 
models in each of these areas and explains how to 
use various computer programs. The book pro- 
vides information on: computer codes used in envi- 
ronmental planning; model input requirements and 
sample outputs; where and how to obtain models; 
water quality models (traditional, Streeter-Phelps, 
and innovative statistical approaches); differences 
among air quality computer codes; and attributes 
of stormwater models. A special section reviews 
the state of the art of hazardous waste models - a 
relatively new area in environmental planning. 
This discussion covers models used for locating 
and disposing toxic chemical wastes, rating systems 
for hazardous waste facility location, and models 
for groundwater flow and aquifer contamination 
analysis. (Lantz-PTT) 
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ECOLOGICAL ANALYSIS OF WASTEWATER 
MANAGEMENT CRITERIA IN WETLAND 
ECOSYSTEMS, 

Duke Univ., Durham, NC. School of Forestry and 
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Press, New York. 1987. p 4-17, 3 tab, ref. 
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A hydroelectric power-station must contain facili- 
ties for passing water from a high to a low level 
with a minimum loss of head. There are several 
ways in which that can be done. Where there is a 
natural waterfall or rapids, a tunnel or canal can 
bypass the course of the river with a minimum loss 
of head. In other circumstances a dam can be built, 
or water diverted from one catchment to another. 
Investigation of hydroelectric potential is an ongo- 
ing process. Options are brought up to date and 
discussed in the Annual Energy Plan and reports 
(published up by the Government Printer) of the 
Electricity Sector Planning Committee which su- 
perseded the Power Planning Committee. The ac- 
ceptability of any electrical proposal must depend 
on the balance between its financial and the less 
quantifiable social and environmental effects. Hy- 
droelectric possibilities that are feasible but ignore 
most of the environmental, and social matters that 
their development might raise, are: Upper Clutha, 
Kawara, Lower Clutha, Lower Waitaki, Motu, 
and Mohaka. Financially hydroelectric proposals 
have to be ranked with each other and with other 
methods of producing electrical or other useful 
energy. At present these other forms are mainly 
coal, natural gas, and oil-fired thermo-electric sta- 
tions, with geothermal generating stations as a 
minor support. Hydroelectric stations have the ad- 
vantages that their motive force is virtually cost- 
less and inexhaustible so that, once built, station 
expenses are relatively stable. At present the move- 
ment of relative costs of construction and fuels is 
difficult to forecast. On the basis of the 1984 
Energy Plan it can be expected that hydroelectri- 
city will find favor well into the next century, to 
be developed in parallel with thermal power-sta- 
tions. Beyond that its acceptability will depend on 
the balance from year to year between construc- 
tion costs, cost of indigenous and imported fuels, 
and the weight attached to environmental and 
social factors. (See also W89-01871) (Lantz-PTT) 
W89-01872 
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Development in New Zealand. Oxford University 
Press, New York. 1987. p 18-27, 1 fig, 2 tab, 2 
plates, 4 ref. 


Descriptors: *Hydroelectric power, *Water re- 
sources development, *Environmental impact, 
*Management planning, *New Zealand, Diversion 
structures, Intakes, Flood gates, Turbines, Genera- 
tors, Pipes, Water transfer. 


Local hydroelectric development, and how it fits 
into the overall picture of hydroelectric develop- 
ment in New Zealand, is described. The back- 
ground and definition of local hydro-schemes, their 
evolution and current position are detailed togeth- 
er with indications of where such development is 
headed. The essential physical elements of a local 
hydro-scheme are common to all hydro-schemes. 
A flow of water must be diverted through a tur- 
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bine. The turbine drives a generator whose output 
is then carried to the user or users. To this end the 
following identifiable components of a scheme are 
needed: a water diversion structure; an intake 
structure; an overflow structure (for surplus or 
flood flows); a penstock or pressure pipe system; a 
turbine; a fem a transmission system. In ad- 
dition the following components are also common- 
ly used: a water storage structure (normally a 
dam); a water transfer structure such as a canal or 
tunnel; and a surge chamber to reduce water 
hammer pressures on penstocks when the turbines 
are shut down. Every year the Electricity Sector 
Planning Committee (Ministry of Energy) pub- 
lishes a report which gives details of current local 
hydro-schemes and estimates of their generation 
for the following 15 years. Because this is based on 
government policy at the time and a local hydro- 
scheme could be built within five years from incep- 
tion, these estimates are increasingly inaccurate 
towards the end of the 15-year period. This aspect 
affects all attempts to predict the future develop- 
ment of local hydro-schemes, but it is likely that 
for the next 15 to 20 years, provided financial and 
legal obstacles do not increase over those of the 
early 1980s, there could be some two to four 
stations being constructed at any one time with a 
further three to six being investigated, but this will 
depend on the circumstances of the time. (See also 
W89-01871) (Lantz-PTT) 
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*Management planning, *Hydroelectric power, 
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ment, Community development, Funding, Con- 
struction. 


Investigations and planning for hydroelectric de- 
velopments normally have a long time-span and go 
through a series of phases. These phases can be 
summarized as follows: preliminary investigations 
and resource studies; definition of development 
options; evaluation of developing options and 
choice of preferred option; environmental impact 
reporting; obtaining statutory consents; Govern- 
ment funding approval; and construction. The stat- 
utory consents usually required for hydroelectric 
proposals are water rights - obtained under the 
Water and Soil Conservation Act 1967 - and plan- 
ning consent (obtained under the Town and Coun- 
try Planning Act 1977). The main purpose of this 
chapter is to explain the procedures laid down in 
the Town and Country Planning Act 1977 to 
obtain planning consent. An explanation of the 
wider processes of regional planning provided for 
in the Act and how they correspond with the 
phases outlined above is also discussed. The inter- 
relationships between the Town and Country Act 
1977 and the Water and Soil Conservation Act 
1967 and moves towards closer working relation- 
ships between water and land planning are also 
considered. Finally, public involvement under the 
Town and Country Planning Act is discussed. (See 
also W89-01871) (Lantz-PTT) 
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WASTE REDUCTION IN ILLINOIS: AN OVER- 
VIE 


’ 
Illinois State Water Survey Div., Savoy. Hazard- 
ous Waste Research and Information Center. 
For primary bibliographic entry see Field 5G. 
W89-02037 


STUDY AND IMPLEMENTATION OF WASTE 
MINIMIZATION AT IBM AUSTIN, 
Montgomery (James M.), Inc., Pasadena, CA. 

For primary bibliographic entry see Field SE. 
W89-02038 


WASTE: THE ENIGMA OF THE 80'S, 


Techniques Of Planning—Group 6A 


Limno-Tech, Inc., Ann Arbor, MI. 

P. W. Rodgers, D. R. Klemans, and P. L. 
Freedman. 

IN: Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Contami- 
nants. Lewis Publishers, Chelsea, Michigan, 1988. 
p 7-23, 9 fig, 1 tab, 18 ref. 


Descriptors: *Water pollution control, *Regula- 
tions, *International cooperation, *Waste manage- 
ment, Management planning, Hazardous wastes, 
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The many sources of hazardous wastes combined 
with their observed mobility suggest that waste 
management is an international responsibility. Just 
as science must depend on multi-national efforts 
for advancement, so too must the regulatory ef- 
forts to protect human health and environmental 
quality. The ‘Ecosystem View’ discussed here 
makes it evident that environmental quality is de- 
pendent on worldwide toxic sources and controls. 
This overview of waste problems in the 1980s, 
makes it clear that data representing international 
environmental efforts are extremely difficult to 
obtain. Answers to straight forward questions, 
such as:..."how much doe the world spend on pol- 
lution control’...were not to be found in the litera- 
ture or from direct contact with international orga- 
nizations. Even definitions of important terms, 
such as hazardous waste, are not consistent nor 
have efforts to develop common terminology, ob- 
jectives, management approaches, or mechanisms 
for information exchange been prominently appar- 
ent. These observations reflect the more important 
reality that international or multi-national efforts to 
examine and regulate toxic chemicals and wastes 
have not been given the social and litigative atten- 
tion appropriate to the need. (See also W89-02155) 
(Lantz-PTT) 
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WEALTH GENERATOR OR ENVIRONMEN- 
TAL PROTECTOR. THE APPROACH OF A 
CHEMICAL COMPANY TO PROCESS AND 
PRODUCT DEVELOPMENT UNDER _IN- 
CREASING ENVIRONMENTAL PRESSURES, 
Imperial Chemical Industries Ltd., Brixham (Eng- 
land). 

For primary bibliographic entry see Field 6E. 
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RISK ASSESSMENT/RISK MANAGEMENT AS 
A TOXIC CONTROL STRATEGY, 

ICF-Clement, Washington, DC. 

E. L. Anderson, and C. J. Henry. 

IN: Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Contami- 
nants. Lewis Publishers, Chelsea, Michigan, 1988. 
p 191-212, 9 tab, 26 ref. 


Descriptors: *Toxic wastes, *Risk assessment, 
*Waste management, *Water pollution control, 
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The inevitable presence of toxic chemicals in the 
environment and the challenges of limiting the 
consequent risk to health and ecological systems in 
the face of important social and economic tradeoffs 
has led to the use of a systematic two-step ap- 
proach in the United States for controlling toxic 
chemical exposures. In the first step, a risk assess- 
ment is completed; in the second, a risk manage- 
ment decision is reached. Ideally, the risk assess- 
ment is performed independent of the management 
decision to ensure the integrity of the scientific 
evaluation. Risk assessment is a process for orga- 
nizing scientific uncertainty to address the follow- 
ing points: (1) the likelihood of a risk occurring; 
and (2) if its does, the magnitude of the impact in 
quantitative terms. For toxic chemicals, all rele- 
vant scientific data having a bearing on these 
points are assembled and evaluated to express the 
weight-of-evidence that a chemical may cause a 
particular health effect and the magnitude of the 
risk given current and anticipated exposures. This 
information is considered together with the social 
and economic cost of limiting exposure to reach a 
risk management decision as to what, if any, risk is 
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acceptable. Risk assessment/risk management has 
become a powerful tool for the management of 
toxic chemicals in the United States. While the 
greatest experience has been with exposures to 
suspected carcinogens, other effects are being eval- 
uated by a similar approach. This concept could be 
equally applicable for toxic control strategies in 
other countries (or) on an international basis, so 
long as proper recognition is given to the differ- 
ences in national and international factors, such as 
competing risk, legal constraints, and economic 
realities which together with risk assessment form 
the basis for the ultimate risk management deci- 
sion. (See also W89-02155) (Author’s abstract) 
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ECONOMIC VIEW OF THE GREAT LAKES, 
Center for the Great Lakes, Chicago, IL. 
W. Wise. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 19-29, 13 ref. 


Descriptors: *Great Lakes, *Economic aspects, 
*Management planning, *Water management, 
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The term management is used here in its broadest 
sense: the political, social and economic measures 
taken at both the public and private sector levels 
toward a common regional goal. Four such princi- 
ples are presented. All are fundamental and per- 
haps self evident, yet long overlooked. Each rests 
on the fundamental premise that the economic and 
environmental considerations in the use and man- 
agement of the Great Lakes are inseparable: (1) 
Public institutions and private businesses must 
reject parochial tendencies to either isolate or 
merely balance environmental and economic con- 
siderations in resource management efforts. Inte- 
gration is the key: looking at water quality and 
recognizing its economic implications for water- 
front development, or looking at the revitalization 
of water-based industry and recognizing its contri- 
bution to the tax base and subsequently water 
management programs; (2) It must be recognized 
that stewardship responsibilities are not exclusively 
public sector responsibilities; (3) In that same vein, 
the linkages between these sectors and among ex- 
isting public institutions must be explored and 
strengthened; and (4) Finally, the message must be 
taken to the region’s citizens. The Great Lakes are 
more than merely a tourist attraction or source of 
drinking water. They are not only a natural asset, 
but a necessity and a determinant of environmental 
quality, economic well-being, and quality of life. 
(See also W89-02176) (Lantz-PTT) 
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MODEL-BASED EDUCATION SUPPORT SYS- 
TEMS: APPLICATION TO LARGE LAKES 
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International Inst. for Applied Systems Analysis, 
Laxenburg (Austria). 

K. Fedra. 
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IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 77-103, 7 fig, 32 ref. 


Descriptors: *Model studies, *Management plan- 
ning, *Waste management, *Lakes, Computer 
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Large lakes are recipient environmental systems 
for the waste streams from numerous interdepend- 
ent human activities. Integrating large and com- 
plex physical and at the same time socio-economic 
catchment areas, their environmental problems are 
an intricate mixture of physical, biological, techno- 
logical, economic, and ultimately political causes 
and their relationships. The aims, scope, and design 
philosophy of a new generation of model-based 
decision support systems for large socio-technical 
and environmental systems are described. These 


interactive, hybrid systems combine data base man- 
agement, system simulation, operations research 
techniques such as optimization, interactive data 
analysis, elements of decision technology and arti- 
ficial intelligence, with a menu-driven symbolic 
and display-oriented user interface. The approach 
combines quantitative numerical methods with 
qualitative heuristic descriptions and is designed to 
give the user direct and interactive control over 
the system’s function. Human knowledge, experi- 
ence and judgement are integrated with formal 
approaches into a tightly coupled man-machine 
system through an intelligent and self-explanatory 
user interface. Designed on dedicated microcom- 
puter workstations, prototype implementations 
dealing with problems of lakes and hazardous sub- 
stances are briefly described. (See also W89-02176) 
(Lantz-PTT) 
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IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 111-118. 
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The best way to control toxic substances from 
industry is at the source. Since industrial pollution 
is a visible sign of inefficient use of resources, 3M 
developed a program to fight pollution by not 
creating it. Industry’s traditional approach has 
been the use of add-on control equipment that 
changes the form of pollution but does not elimi- 
nate it. The 3M Pollution Prevention Pays (3P) 
program eliminates or reduces pollutants, con- 
serves resources, and encourages innovative tech- 
nology through product reformulation, process 
changes, equipment redesign, and recycling or 
reuse of process waste. Started in 1975, the 3P 
program, involving 3M operations in the United 
States and 22 other countries and annually pre- 
vents more than 40,000 tons of pollutants and 1.6 
billion gallons of wastewater. 3P savings to date 
total $300 million. 3M’s prevention approach has 
had national and international impact. The pro- 
gram has received awards from the U.S. EPA and 
other organizations. Some states have adopted pol- 
lution prevention as environmental policy. Several 
world organizations, including the United Nations 
Environmental Programme and the Organization 
for Economic Cooperation and Development, 
have endorsed and promoted the concept. Pollu- 
tion prevention has become government policy in 
several countries, including France and Britain. A 
number of major industrial companies also started 
prevention programs. Industry, however, is only 
one source of pollution. Other sources also must be 
effectively addressed. Since many environmental 
concerns are international in scope, meaningful 
government incentives and expanded international 
cooperation are vital to the development and im- 
plementation of innovative solutions to environ- 
mental problems, including those of the large lakes. 
(See also W89-02176) (Author’s abstract) 
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pheric Adminstration, Fish and Wildlife Service, 
Army Corps of Engineers, Model studies. 


The U.S. environmental quality research programs 
on the Great Lakes that support the Great Lakes 
Water Quality Agreement is outlined, the mecha- 
nisms used in setting priorities for these programs 
are discussed, and the lack of influence of the 
International Joint Commission (IJC) on the prior- 
ities setting process is considered. Funding for 
such programs is provided largely from four feder- 
al agencies - the Environmental Protection 
Agency, the National Oceanic and Atmospheric 
Administration, the Fish and Wildlife Service, and 
the U.S. Army Corps of Engineers. A four-tiered 
conceptual model is used to portray the federal 
priority setting process. Although the Great Lakes 
Water Quality Agreement assigns responsibility to 
the IJC’s Science Advisory Board (SAB) to pro- 
vide advice on the research needed in support of 
the Agreement, there is no good mechanism at 
present for such recommendations to influence this 
process. It is suggested that the influence of the 
SAB on the priorities setting process could be 
improved if the directors of Great Lakes research 
programs and others who are involved in the pri- 
orities setting process were more actively involved 
in the developing of the SABs recommendations 
concerning research priorities. (See also W89- 
02176) (Author’s abstract) 
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The news media have played a catalytic role in 
shaping public policy on Great Lakes pollution 
issues, from the days of the eutrophication debates 
of the 1960s to the toxics problems of recent years. 
By publishing information about the deteriorating 
state of the lakes, the media created pressures for 
action on the part of the government, industry and 
non-governmental organizations, the three main 
actors in the Great Lakes environmental debates. 
To some degree the media are simply the method 
by which the main actors in communicate with the 
public. But the media can also affect the content 
and impact of the message by giving more atten- 
tion to some pieces of information and less to 
others. Once issues have been raised the media can 
spur debate by focusing continuing attention on 
them and demanding that officials respond to their 
questions. In fact governments have often found 
themselves in the awkward position of having 
raised public concerns about such problems of 
drinking water but then are unable to explain what 
they are going to do about those problems. There 
are now signs that some governments are re-think- 
ing their strategies and may release less informa- 
tion which raises questions that they cannot 
answer. Headlines such as: ‘PCB Poisons Build up 
in the Body’, ‘City Could Become PCB Dump, 
Mayor Asserts’, “Toxic Wastes: Tip of the Iceberg’, 
‘Town Fights for Plan for Toxic Waste Treatment 
Plant’, ‘Industries Cited for Dumping Hazardous 
Wastes’, and ‘Lack of Planning for Disposal Crisis 
May Lead to Shut-Downs in Industry’, have been 
seen recently in publications such as the New York 
Times and New Scientist magazine of Great Brit- 
ain. They indicate that the public are concerned 
about the state of the environment, and do not feel 
that those in charge are, in general, coping ade- 
quately with the situation. This paper, deals with 
the role of the media in the shaping of public 
policy in the context of toxins in the Great Lakes. 
(See also W89-02176) (Lantz-PTT) 
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There are two sound reasons for emphasizing the 
role of research in management of the Laurentian 
Great Lakes. First, the scientist in the universities, 
state and federal agencies recognize that the prob- 
lems which are faced today, especially toxic con- 
taminants, cannot be dealt with by crisis manage- 
ment. The critical processes of Great Lakes eco- 
systems need to be understood in order to manage 
uses of these lakes in such a way as to minimize 
adverse impacts. Second, research in the Great 
lakes can provide valuable knowledge and insights 
for research on small lakes and the oceans. Most 
management and research organizations agree to 
an ecosystem approach for the Great Lakes. This 
approach means that all the agencies must interact 
and cooperate in their research. An integrated ‘use 
management plan’, developed on the basis of 
knowledge on how the Great Lakes ecosystems 
function, should provide for protection and reha- 
bilitation of the quality of the Great Lakes. In 
terms of toxic substances, such a management plan 
must deal with: how stresses are best measured, 
and the cost/benefit relationships when all com- 
partments of the ecosystem are taken into account. 
The ecosystem approach is not possible because 
the coordinated basic research needed to under- 
stand how the ecosystem functions has not been 
carried out. Most of the funds for research have 
been in support of crisis management. If there is to 
be an ecosystem approach then the management 
agencies must recognize the need to cooperate in 
setting an agenda for the research which will pro- 
vide them with the appropriate knowledge. (See 
also W89-02176) (Lantz-PTT) 
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THE BROADENING HORIZON, 
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Agriculture’s present system of voluntary effort to 
deal with nonpoint pollution problems is being 
seriously questioned by the public, regulatory 
agencies and legislators. The cooperation of gov- 
ernment agencies, state agricultural experiment sta- 
tion researchers, Cooperative Extension Service 
personnel and farmers is needed to design relevant 
research and demonstration projects and to imple- 
ment strategies for change. Agribusiness and indus- 
try must also become involved. A coordinated 
effort is needed to define cost effective manage- 
ment alternatives, new technology, educational 
programs and agricultural policies that can be 
more flexibly applied. This will require many 
changes in priorities at a time when the main 
concern for many farmers is simply surviving. The 
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burden cannot simply be placed on the back of the 
farmer alone. Chemicals have played an important 
role in the growth of agricultural productivity 
during the last three decades, but they must be 
applied more efficiently in order to retain profit- 
ability in agriculture and protect the environment 
at the same time. The judicious and economical use 
of agrichemicals can still play an important role; 
but more holistic approaches to agricultural man- 
agement, coupling efficient crop production and 
soil conservation with surface and groundwater 
protection, must be developed. Therefore, it is 
imperative to broaden the scope of research and 
the dissemination of knowledge with greater sensi- 
tivity to community concerns regarding the pro- 
tection of the environment. (See also W89-02196) 
(Lantz-PTT) 
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Over the last several years, the Office of the Wis- 
consin Public Intervenor has been involved in pes- 
ticide use and control policy making with state and 
local agencies. As a result, the Public Intervenor 
Office has received a growing number of requests 
for information, advice and aid from citizens’ 
groups and local units of government regarding 
pesticide-related issues. Every year, policy makers 
at all levels of government are called upon to make 
important decision regarding pest management and 
pesticide use within their respective jurisdictions. 
Being debated in Wisconsin local and state govern- 
ment forums are many of the same issues that are 
being debated and addressed at other local, state 
and national levels of government. These issues 
include: (1) pesticide safety; (2) risk management; 
(3) risk assessment; (3) EPA pesticide regulations; 
(5) synergy between pesticides; (6) EPA credibil- 
ity; (7) pesticide regulatory enforcement; and (8) 
economic considerations of pesticide use. (See also 
W89-02196) (Lantz-PTT) 
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This study reports on a survey of Louisiana coastal 
wetlands recreational users, administered for the 
purpose of estimating wetlands’ recreational value. 
The sampling procedure consisted of placing self- 
addressed, stamped questionnaires on windshields 
of all vehicles parked in the morning at all twenty- 
seven boat launch facilities in Terrebonne Parish 
(Louisiana) on various dates throughout the period 
July 1984 to June 1985. The primary technique 
was the travel cost method. The value estimates 
obtained using this method were of similar magni- 
tude to those obtained using a contingent valuation 
question in the survey. Although it may not reflect 
the marginal recreational value of an acre of wet- 
lands, the average value can be calculated using 
the wetlands acreage and the estimated consumer 
surplus. Depending on the time cost value used, 
the average capitalized value ranged from $36 to 
$111 per acre. In contrast, an acre of unimproved 
wetlands sells for approximately $200 per acre, and 
this is primarily for mineral rights. (Author's ab- 
stract) 
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Literature published in 1987 on the economics of 
water pollution control is summarized under the 
following headings: nonpoint source pollution, 
markets, valuation, applied studies, and policy. 
Cost effectiveness, mathematical models, and 
water resources deve! it costs are considered. 
The review aims to include all pertinent, important 
and significant articles without evaluating their 
merit; when selections were made, availability of 
documents and the presence of new information in 
the article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01462 


OF SOCIO-ECONOMIC RAMI- 


ASSESSMENT 
FICATIONS, 
Waterloo Univ. (Ontario). Faculty of Environmen- 
tal Studies. 
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G. R. Francis. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984, Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 125-129, 16 ref. 


Descriptors: *Social impact, *Economic aspects, 
*Sediment contamination, ‘*Decision making, 
Social aspects, Waste management, Great Lakes, 
Management planning. 


Implementation of remedial measures for contami- 
nated sediments may well have to contend with the 
‘not in my backyard’ (NIMBY) syndrome. These 
are situations characterized by high levels of dis- 
trust which include transference of these feelings 
to the assessment techniques used to select the 
measurers. The experiences of agencies searching 
for satisfactory solutions to such problems need to 
be more widely known. Remedial measures for 
contaminated sediments are but one portion of a set 
needed to rehabilitate degraded aquatic ecosys- 
tems. Recent collaborative work to outline feasible 
strategies for ecosystem rehabilitation in the Great 
Lakes is outlined, by identifying the stresses oper- 
ating in particular situations, the measures for alle- 
viating or removing them can be examined. Such 
strategies are scientifically feasible, socio-economi- 
cally defensible, and the institutions to address the 
problems are available. However, strategies need 
to be tailored to the circumstances of selected 
near-shore areas. For two such areas, analyses of 
societal arrangements have been directed to identi- 
fying the relevant ‘actor system’ composed of gov- 
ernment agencies and nongovernmental groups, 
and assessing the alternatives to regulatory man- 
agement. Various collaborative processes to facili- 
tate rehabilitative management are noted. (See also 
W89-01714) (Lantz-PTT) 

W89-01727 


PERCEPTIONS, PARADIGMS AND ETHICS: A 
PERSPECTIVE ON THE SOCIAL CONTEXT 
OF ENVIRONMENTAL ISSUES, 

Department of the Environment, Ottawa (Ontar- 
io). 

For primary bibliographic entry see Field 6G. 
W89-01728 


FEASIBILITY OF PACKED-BED ANAEROBIC 
TREATMENT OF POULTRY PROCESSING 
WASTEWATER, 

Georgia Technical Research Institute, Environ- 
mental, Health and Safety 

For primary bibliographic entry see Field 5D. 
W89-02070 


FISHERIES MANAGEMENT, WATER QUAL- 
ITY AND ECONOMIC IMPACTS: A CASE 
STUDY OF LAKE KINNERET, 

Kinneret Limnological Lab., Tiberias (Israel). 

For primary bibliographic entry see Field 81. 
W89-02138 


LONG-RANGE PLANNING AND PRIORITY 
AREAS OF GROUNDWATER MANAGEMENT, 
Soil Conservation Service, Centreville, MI. 

A. G. Herceg, D. R. Mumford, P. Vergot, and L. 
G. Wolfson. 

IN: Rural Groundwater Contamination. Lewis 
— Inc., Chelsea, Michigan, 1987. p 399- 


Descriptors: *Groundwater management, *Man- 
agement planning, *Priorities, *Michigan, Map- 
ping, Geohydrology, Water resources develop- 
ment, Groundwater quality. 


Private industry, environmental groups, federal, 
regional and local governmental agencies and uni- 
versity personnel concur that communications are 
a top priority in any groundwater management 
program. If communications are going to be im- 
proved, so must the quality of information. One 
very useful type of information would be uniform 
statewide hydrogeologic mapping. Statewide and 
county-specific mapping to identify where ground- 
water problems are located should be made avail- 


able. An integrated approach to water managment 
should be conceived which could be integrated 
into ongoing programs developed through univer- 
sities and the state Departments of Natural Re- 
sources and Public Health. Water resource special- 
ists are needed to develop educational programs 
and support for the agencies involved in this initia- 
tive. The groundwater quality issue should be in- 
corporated as part of the total nonpoint source 
pollution program in Michigan. Some of the ac- 
tions that could be taken are: (1) develop a perma- 
nent subgroup of the Great Lakes and Water Re- 
sources Planning Commission (GLWRPC) to ad- 
dress and coordinate water quality activities in the 
State of Michigan; (2) develop a packet of informa- 
tion to direct groundwater quality concerns to the 
right sources of information; (3) build agricultural 
and environmental coalition and support groups; 
(4) refocus or realign some of the traditional con- 
servation practices of the Soil Conservation Serv- 
ice (SCS) and accelerate the transfer of informa- 
tion that shows the benefits from those practices to 
the groundwater and not just to surface water; (5) 
emphasize research and modeling to insure that 
credible recommendations come from the Cooper- 
ative Extension Service and SCS; (6) educate the 
rural landowners as to their responsibilities to 
groundwater and the environmental consequences 
of their actions; and (7) refocus the priorities of 
agencies and units of government in the state. (See 
also W89-02196) (Lantz-PTT) 

W89-02222 


CURRENT TRENDS IN WATER-SUPPLY 
PLANNING: ISSUES, CONCEPTS, AND RISKS, 
For primary bibliographic entry see Field 5F. 
W89-02257 


6C. Cost Allocation, Cost Sharing, 
Pricing/Repayment 


RECENT SEWAGE FINANCING IN PENNSYL- 
VANIA, 

Collings, Legg, Mason, Inc., Philadelphia, PA. 

H. Chapman. 

Water Pollution Control Association of Pennsylva- 
nia Vol. 21, No. 5, p 43, September-October 1988. 


Descriptors: *Wastewater facilities, *Pennsylvania, 
*Financing, Interest rates, Sewer systems, Water 
treatment facilities, Construction financing, Inter- 
est rates, Municipalities. 


Borough and township sewage financing for ex- 
pansion, renovation, or refinancing of sewer lines, 
— treatment plants, and water treatment and 
distribution facilities in Pennsylvania are listed and 
financial suggestions are offered based on mid-1988 
market conditions. Recent Pennsylvania financing 
arrangements have been made in Bellefonte Bor- 
ough, Benzinger Township, Burnham Borough, 
Sandy Township, Franklin Borough, and Littles- 
town Borough. It is recommended that borrowers 
approach several sources to obtain quotes on inter- 
est rates because banks in the same area may offer 
very different rates as a result of money supply and 
demand. Municipal interest rates in mid-1988 are 
low compared to the period 1980-1986, but this 
situation may change after the presidential elec- 
tion. For this reason, borrowing on a long-term 
basis at present interest rates could prove to be an 
excellent decision. (Rochester-PTT) 

W89-01292 


MARKETING SLUDGE COMPOST IN JAPAN, 
Japan Sewage Works Agency, Toda. Research and 
Technology Development Div. 

For primary bibliographic entry see Field SE. 
W89-01294 


ESTIMATING COSTS MODEL OF DUAL 
WATER SUPPLY SYSTEMS, 
Marsan (Andre) et Associes, 
(Quebec). 

For primary bibliographic entry see Field 5F. 
W89-01369 


Inc., Montreal 


CISTERNS FOR WATER CONSERVATION 
AND FLOOD CONTROL, 

French (R.H.), Las Vegas, NV. 

For primary bibliographic entry see Field 4A. 
W89-01370 


VALUE OF COASTAL WETLANDS FOR 
RECREATION: AN APPLICATION OF 
TRAVEL COST AND CONTINGENT VALU- 
ATION METHODOLOGIES, 

Louisiana State Univ., Baton Rouge. Dept. of Eco- 
nomics. 

For primary bibliographic entry see Field 6B. 
W89-01372 


INTERNATIONAL COMPARISON OF WATER 
PRICES. 


International Water Supply Association, London 
(England). 

O. R. Stadtfeld, and K. I. Schlaweck. 

Aqua AQUAAA No.4, p 173-177, 1988. 7 fig, 2 
tab. 


Descriptors: *Water costs, *Prices, *Economic as- 
pects, Comparative studies, Statistics. 


Water price comparisons, at both international and 
national levels, are presented by various institu- 
tions and organizations. In most cases average 
water prices are compared without any reference 
to background information, such as the structure of 
the water price, government influence on water 
price formation, water price development assess- 
ment of the respective water prices, in particular 
when the comparison transcends national borders. 
The IWSA Committee on ‘International Water 
Statistics’ carried out a survey on the situation 
regarding water prices in its member development 
and the basis for calculations as well as information 
on water price formation. The following countries 
participated in the survey: Belgium, the Federal 
Republic of Germany, Denmark, United Kingdom, 
Finland, France, Italy, Luxembourg, the Nether- 
lands, Norway, Austria, Sweden, Switzerland, 
Spain, and Hungary. (Author’s abstract) 
W89-01427 


WATER 
VALUES, 
Florida Univ., Gainesville. Dept. of Environmental 
Engineering Sciences. 

For primary bibliographic entry see Field 2H. 
W89-01833 


CONSERVATION WETLAND 


COST ALLOCATION AT SUPERFUND SITES, 
Environmental Resources Management-North 
Central, Inc., Deerfield, IL. 

For primary bibliographic entry see Field 5G. 
W89-02009 


6D. Water Demand 


REPRESENTING HYDROPOWER IN HYDRO- 
THERMAL POWER SYSTEM, 

Tennessee Valley Authority, Norris. Engineering 
Lab. 

J. E. Giles. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWPEDS, Vol. 114, No. 5, p 500- 
516, September 1988. 9 fig, 5 ref, append. 


Descriptors: *Mathematical models, *Hydroelec- 
tric plants, *Thermal powerplants, *Pumped stor- 
age, *Resource allocation, *Hydroelectric power, 

anagement planning, Peak demand, ermal 
power, Planning. 


A method is developed for evaluating a hydro- 
system schedule for a large power system that has 
both hydro and thermal resources. The method 
computes thermal costs that accrue while meeting 
hourly generation requirements by hydro plants, a 
thermal system, and a pumped-storage plant. The 
uncertainties associated with thermal-unit oper- 
ations are dealt with by considering the thermal 
system as a sum of independent random variables, 


and then cc their exp d generation 
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levels. One pumped-storage plant is modeled in 
detail, with complete chronological accounting of 
reservoir levels and corresponding pump/genera- 
tion capabilities. The conventional hydro-system 
minimizes the variation in the hydro-reduced 
loads. Constraints on the permissible hour-to-hour 
variation in a thermal unit’s generation are also 
satisfied. The method allocates all power resources 
so as to approximate their most economical oper- 
ation while meeting a weekly sequence of hourly 
power demands. It is designed to rapidly evaluate 
hydro schedules in models that use a power objec- 
tive function. An example of the method is given 
for a week’s projected hourly demands. (Author's 
abstract) 

W89-01366 


METHOD FOR TREATMENT OF DATA FROM 
THE INSTREAM FLOW INCREMENTAL 
METHODOLOGY FOR INSTREAM FLOW DE- 
TERMINATION, 

Utah State Div. of Wildlife Resources, Salt Lake 
City. 

For primary bibliographic entry see Field 4C. 
W89-01737 


INVERTEBRATE FISH FOOD RESOURCES 
OF LOTIC ENVIRONMENTS, 

Environmental Protection Agency, Washington, 
DC 


For primary bibliographic entry see Field 2H. 
W89-01802 


6E. Water Law and Institutions 


HISTORY OF POINT SOURCE CONTROL OF 
NUTRIENTS IN PENNSYLVANIA AND 
OTHER CHESAPEAKE BAY STATES: PART II, 
For primary bibliographic entry see Field 5G. 
W89-01289 


‘WHO’S ON FIRST’ WITH RIGHT TO KNOW, 
S. Pedersen, and B. Danchuk. 

Water Pollution Control Association of Pennsylva- 
nia Magazine Vol. 21, No. 5, p 33-35, September- 
October 1988. 3 fig. 


Descriptors: *Hazardous materials, *Right-to- 
know laws, *Regulations, *Pennsylvania, *Man- 
agement planning, *Occupational health, *Em- 
ployee protection, Public health, Federal jurisdic- 
tion, State jurisdiction, Legislation, Population ex- 
posure, Water treatment facilities, Wastewater fa- 
cilities, Material Safety Data Sheets, Enforcement. 


Many Pennsylvania employers must comply with 
three seemingly parallel laws, the federal Occupa- 
tional Safety and Health Administration Hazard 
Communication Standard (HCS), the Pennsylvania 
Worker and Community Right to Know Act (PA- 
RTK), and the Environmental Protection Agen- 
cy’s Title III- Community Right to Know (Title 
III). What these three laws require the employer to 
do and the differences among them are discussed. 
Pennsylvania employers, such as cities, municipali- 
ties, townships, boroughs, or similar politically- 
based subdivisions (public employers) are to 
comply with the full PA-RTK, but not HCS. They 
may be subject also to parts of Title III. Compli- 
ance requirements are somewhat different for pri- 
vate non-manufacturing and manufacturing busi- 
nesses. All three laws require employers to prepare 
Material Safety Data Sheets (MSDSs) for all 
chemicals found in the workplace and to make the 
MSDSs available to a ees. Even if an em- 
pom has been in good faith compliance with the 

'A-RTK law, under the expanded HCS and Title 
III there are several additional tasks required to 
achieve compliance: (1) ensure that chemicals in 
inventory appear on the list of hazardous chemi- 
cals and that there is a MSDS for each chemical; 
(2) make available the workplace hazardous chemi- 
cal list(s) and maintain the Pennsylvania Hazardous 
Substance Survey form; (3) post a copy of the 
HCS or make one available for employee refer- 
ence; (4) develop a Written Hazard Communica- 
tion Program and make it available for employee 
reference; (5) train employees about HCS and 
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chemicals in the workplace; (6) in a multi-employ- 
er workplace, make the required pieces of informa- 
tion available to subcontractors; (7) compare the 
chemical inventory to EPA's list of ‘Extremely 
Hazardous Chemicals’ to determine if the employ- 
er is subject to agg Planning Requirements; 
(8) collect MSDSs, evaluate the inventory, and 
make submissions if necessary to local and state 
agencies; and (9) determine if the company is sub- 
ject to Toxic Emission Reporting Requirements 
and submit the necessary documents. (Rochester- 


PTT) 
W89-01291 


SOURCE REDUCTION TECHNICAL ASSIST- 
ANCE: A PILOT PROJECT AND ITS IMPLICA- 
TIONS FOR THE CHEMICAL INDUSTRY, 
Massachusetts Dept. of Environmental Manage- 
ment, Boston. 

For primary bibliographic entry see Field 5G. 
W89-01343 


TREATING INDUSTRIAL PLANT 
WASTEWATER: MEETING TODAY’S COM- 
PLIANCE CHALLENGES, 

BCM Engineers, Mobile, AL. 

For primary bibliographic entry see Field 5D. 
W89-01400 


LAW (1987 AMENDMENTS), 

Nixon, Hargraves, and Doyle, Rochester, NY. 

R. Henrichs. 

Journal - Water Pollution Control Federation 
_— Vol. 60, No. 6, p 748-751, June 1988. 44 
ref. 


Descriptors: *Literature review, *Water quality 
control, *Legal aspects, *Legislation, *Regula- 
tions, *Water Quality Act, Permits, Enforcement, 
Financing, Publicly-owned treatment works, 
Wastewater treatment, Environmental Protection 
Agency, Federal jurisdiction, State jurisdiction, 
Storm water, Liability, Penalties. 


Literature published in 1987 on legal aspects of 
water pollution control is summarized under the 
following headings: new permitting issues, new 
penalty issues, new publicly-owned treatment 
works issues, and Water Quality Act (WQA) of 
1987 funded EPA/state studies. The 1987 amend- 
ments to the WQA strengthen Federal water qual- 
ity regulation and ultimately will affect every seg- 
ment of the regulated community. Examples of the 
provisions are increased civil and criminal liability 
and new substantive program areas such as state 
pveenigy Sage and storm water permitting pro- 
grams. The changes brought about by the 1987 
amendments to the WQA are discussed. (Roches- 
ter- ) 

W89-01463 


POWER INDUSTRY WASTES, 

Tennessee Valley Authority, Knoxville. Environ- 
mental Quality Staff. 

For primary bibliographic entry see Field 5G. 
W89-01490 


METAL FINISHING AND PROCESSING, 
CH2M/Hill, Reston, VA. 

For primary bibliographic entry see Field SD. 
W89-01491 


GEORGES BANK - COMMON GROUND OR 
CONTINUED BATTLEGROUND, 

Florida State Univ., Tallahassee. Coll. of Law. 
D. R. Christie. 

San Diego Law Review, Vol. 23, No. 3, p 491-543, 
May/June 1986. 


Descriptors: *Mnagement pains, *Boundar 
*Environ 


disputes, *Fish management, mental ef- 
fects, *Canada, *United States, "Georges Bank, 
*Resources management, Legal aspects, Water 
law, Gulf of Maine, Economic aspects, Coastal 
waters. 


The controversies between the United States and 
Canada concerning boundaries, fish, and trans- 
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boundary environmental effects of energy develop- 
ment are only the most recent in two centuries of 
conflicts in the Gulf of Maine-Georges Bank 
region. Current environmental problems, however, 
seem to be straining the normally congenial rela- 
tions between the two countries. As an initial step 
in assessing management options for the area, this 
article presents a comparative analysis of environ- 
mental assessment and the marine fisheries manage- 
ment and outer continental shelf development re- 
gimes of the United States and Canada. Finally, 
prospects for the future of cooperative manage- 
ment attempts and initial recommendations are ad- 
dressed. (Author’s abstract) 

W89-01513 


INTERNATIONAL ENVIRONMENTAL LAW 
AND POLICY: AN OVERVIEW OF TRANS- 
BOUNDARY POLLUTION, 

Illinois Univ. at Chicago Circle. 

J. W. Kindt. 

San Diego Law Review, Vol. 23, No. 3, p 583-609, 
May/June 1986. 3 append. 


Descriptors: *Law of the Sea, *Transboundary 
pollution, *Ocean pollution effects, *Water pollu- 
tion, *Legal aspects, *Water law, Environmental 
effects, Path of pollutants, Policy making, Mediter- 
ranean Sea, Baltic Sea, International law, Seas, 
Ocean dumping, Water pollution sources. 


An overview is presented of several of the trans- 
boundary pollution issues affecting the Law of the 
Sea, including defining and categorizing pollution, 
land-based pollution, and vessel-source pollution. 
International pollution constitutes a greater threat 
to the global environment that is readily apparent 
to most of the international community. Vital areas 
of the ocean, such as the Mediterranean Sea and 
the Baltic Sea, may reach their environmental 
thresholds within a few years and then collapse 
into a pattern of irreversible despoliation. Global 
pollution and transboundary pollution have histori- 
cally been viewed from two major perspectives; 
namely from the land and from the ocean. More 
emphasis should be placed upon the ocean as the 
observational standpoint, because this standpoint is 
relatively unencumbered by pre-existing disputes 
involving land-based pollution. This oceanic stand- 
point also provides for fresh perspectives and 
allows for innovative policymaking to prevent, 
reduce and control international pollution. (Rose- 
man-PTT) 

W89-01514 


RECENT DEVELOPMENTS IN THE LAW OF 
THE SEA 1984-1985, 

E. M. Fry. 

San Diego Law Review, Vol. 23, No. 3, p 701-722, 
May/June 1986. 


Descriptors: *Law of the Sea, *International law, 
*International agreements, *Legal aspects, Trea- 
ties, Water pollution control, Boundary disputes, 
United Nations, Ocean dumping, International 
commissions, Law of the Sea, Water law, Oil pol- 
lution, Radioactive wastes, Navigable waters, Ar- 
chaeology, Waste disposal, Fisheries. 


Additonal ratifications of the United Nations Con- 
vention on the Law of the Sea(LOS) occurred in 
1985, but the LOS Convention still has not re- 
ceived one-half of the number necessary to bring it 
into force. Some success was seen in boundary 
delimitations, fishing treaties, and pollution con- 
trol, yet news events brought the grim realization 
that many issues, such as at sea, the 
conflict between nuclear-testing nations and those 
wishing to eliminate such g, and constraints 
on the freedom of navigation, are far from re- 
solved. Among the specific topics discussed were: 
the Beagle Channel dispute, the Northwest Pas- 
sage, several fishing treaties, whaling, nuclear 
waste dumping bans, sub-seabed disposal, oil pollu- 
tion, and marine archaeology. (See also W89- 
01518) (Roseman-PTT) 

W89-01515 
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HABITAT CONSERVATION PLANS UNDER 
THE ENDANGERED SPECIES ACT, 

R. E. Webster. 

San Diego Law Review, Vol. 24, No. 1, p 243-271, 
Jan/Feb 1987. 


Descriptors: *Legal aspects, *Wildlife habitats, 
*Endangered Species Act, Conservation, Law, En- 
dangered species, Remedies, Regulations, Aquatic 
habitats. 


Prior to the 1982 amendments of section 10(a) of 
the Endangered Species Act (ESA), parties not 
needing any federal permit lacked access to certain 
regulatory mechanisms of the Act. The revised 
law provides those parties with the option of pre- 
paring a Habitat Conservation Plan (HCP), the 
approval of which by the Fish and Wildlife Serv- 
ice (FWS) frees the planners from the Act’s prohi- 
bitions against the taking of endangered species. 
This Comment examines the statutory require- 
ments for the drafting and approval of HCP’s. In 
examining the flaws of the first three HCP’s devel- 
oped under the new law, this Comment suggests 
modifications to harmonize section 10(a) with the 
remainder of the ESA. (Author’s abstract) 
W89-01516 


MARINE POLLUTION: INJURY WITHOUT A 
REMEDY, 

Mississippi Univ. Law Center, University. 

M. C. Jarman. 

San Diego Law Review, Vol. 24, No. 3, p 603-626, 
May/June 1987. 


Descriptors: *Federal jurisdiction, *Marine envi- 
ronment, *Water pollution, *Legal aspects, Eco- 
nomic aspects, Legislation, Environmental effects, 
Water pollution effects, State jurisdiction, Reme- 
dies, Oil pollution, Legislation. 


Pollution of coastal and ocean waters is a complex 
and serious problem. Many contaminants reaching 
the ocean are harmful to marine organisms. Pollu- 
tion affects the marine environment at all levels, 
from marine organisms to human beings. Along 
with the environment, the economy suffers injury 
because of damage to food sources. The role of 
federal courts as a forum for redress of damages 
suffered from the pollution of coastal and ocean 
waters is discussed and conflicting state and federal 
common law and statutory remedies for marine 
pollution are examined. With the exception of the 
Offshore Oil Pollution Compensation Fund, no 
federal remedies appear to be available to parties 
injured by marine pollution. In the face of the 
federal judiciary’s retreat, it is concluded that Con- 
gress and state legislators must take affirmative 
steps to preserve remedies that traditionally have 
been available to injured persons. (Author’s ab- 
stract) 

W89-01517 


RECENT DEVELOPMENTS IN THE LAW OF 
THE SEA 1986, 

H. E. Brown. 

San Diego Law Review, Vol. 24, No. 3, p 701-726, 
May/June 1987. 


Descriptors: *Water law, *Legal aspects, *United 
Nations, *Water pollution, *Law of the Sea, 
Boundary disputes, Sea mining, Treaties, Fishing, 
Plastics, Ocean dumping, Territorial disputes, Oil 
spills, Liability. 


In 1986, Resolution II of the United Nations Con- 
vention on the Law of the Sea (LOS Convention), 
dealing with deep seabed mining was adopted. 
While the United Nations General Assembly reaf- 
firmed its support of the LOS Convention, only 
seven nations ratified or acceded to the Conven- 
tion in 1986. Some success was seen in fishing 
treaties and protection of marine mammals. Re- 
newed concern surfaced regarding pollution of the 
oceans. Specific issues discussed include deep 
seabed mining, protection of marine species, plas- 
tics pollution, ocean incineration, oil spill liability, 
and territorial disputes. (See also W89-01515) (Au- 
thor’s abstract) 

W89-01518 


SAND RIGHTS: USING CALIFORNIA’S 
PUBLIC TRUST DOCTRINE TO PROTECT 
AGAINST COASTAL EROSION, 

M. A. Corfield. 

San Diego Law Review, Vol. 24, No. 3, p 727-750, 
May/June 1987. 


Descriptors: *Beaches, *Beach erosion, *Legal as- 
pects, *Sand, *Recreation, Sand rights, Public 
Trust Doctrine, Public beaches, Economic aspects, 
Dam effects. 


Since the 1950s many rivers and streams running 
from inland areas to the California coastline have 
been dammed for water supply and flood control. 
The reduced streamflow has resulted in much less 
sand being transported to California beaches to 
replace sand lost through coastal erosion. Conse- 
quently, much of the coastline is eroding at an 
alarming rate. The public trust doctrine provides 
that the tidelands are held in trust by the state for 
the benefit of the public. Most legislation regarding 
the public trust doctrine has focused on ownership 
interests in public trust resources. This comment 
argues for a system of public rights to the sand that 
makes up public beaches. A system of sand rights 
would provide a basis for judicial enforcement of 
the state’s fiduciary duty to maintain beaches in the 
face of threats to sand supply. (Author’s abstract) 
W89-01519 


LANDS AND NATURAL RESOURCES, 

S. L. Schmelter. 

Denver University Law Review, Vol. 64, No. 2, p 
295-327, 1987. 


Descriptors: *Water law, *Legal aspects, *Naviga- 
tion, *Water use, *Land use, *Resources manage- 
ment, Boundary disputes, American Indians, Court 
decisions. 


During the period 1980-1986, the Tenth Circuit 
Court of Appeals handed down five lands and 
natural resources opinions which merit review. 
The first case revisits a controversial Indian reser- 
vation boundary dispute. A pair of cases address 
navigational waters issues: the first concerns the 
impact of navigational servitude on Indian lands, 
the second deals with a quiet title argument. The 
fourth case resolves a mineral patent question. The 
final case surveyed deals with an environmental 
impact statement related to a major water diver- 
sion project. These five lands and natural resources 
decisions reflect an inconsistent approach taken by 
the Tenth Circuit: two of the cases adhere to the 
Tenth Circuit’s traditional approach in protecting 
regulatory power which governmental agencies 
wield over lands and natural resources, while three 
of the cases demonstrate a departure from the 
traditional deference to governmental authority. 
(Author’s abstract) 

W89-01527 


ENVIRONMENTAL CONTROLS OVER GEO- 
THERMAL ENERGY EXPLOITATION, 
Melbourne Univ., Parkville (Australia). School of 


Law. 
For primary bibliographic entry see Field 6G. 
W89-01528 


PRIVATE RIGHTS AND THE PUBLIC TRUST: 
OPPOSING LAKESHORE FUNNEL DEVEL- 
OPMENT, 

D. A. Kagan. 

Boston College Environmental Law Review 
BCERDxX, Vol. 15, No. 1, p 105-134. 1987. 


Descriptors: “Lakes, ‘*Environmental effects, 
*Recreation demand, *Housing, *Water rights, 
*Water law, *Legal aspects, Water pollution, Fish, 
Wildlife, Regional development, Public Trust 
Doctrine, Common law, Water use. 


The author suggest a common law doctrine that a 
riparian owner can raise in opposition to funnel 
development. In states where lakes are owned by 
the public and held in trust by the state, members 
of the public may sue the state under the public 
trust doctrine for violating the trust. The public 
trust doctrine is still developing, and cases apply- 
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ing the doctrine in opposition to funnel develop- 
ment have not been reported. The author discusses 
why the public trust doctrine is a valid legal basis 
for opposing a developer’s plans for funnel devel- 
opment. Funnel development projects allow a de- 
veloper to capitalize an the expanding market for 
vacation homes with water access. The projects 
yield significant profits for developers. Funnel de- 
velopments, however, can have significant detri- 
mental effects on lakes. They can cause serious 
environmental degradation through increasing the 
intensity of recreational use and by introducing 
various pollutants to the waterway. This degrada- 
tion can cause an irreversible decline in water 
quality, accompanied by declining populations of 
fish and wildlife. The author concludes that courts 
should permit riparian owners to bring suit based 
on the public trust doctrine in opposition to funnel 
development. (Roseman-PTT) 
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Under Subtitle 1 of the Hazardous and Solid Waste 
Amendments of 1984 (RCRA), EPA is required to 
develop and implement a comprehensive regula- 
tory program for underground storage tanks 
(UST). UST systems have been a major source of 
concern due to releases of petroleum and hazard- 
ous substances to the environment, particularly 
groundwater. EPA has recently published a pro- 
posed rule under Subtitle I for technical require- 
ments involving leak detection and prevention, 
financial responsibility, and corrective action for 
all USTs containing regulated petroleum and haz- 
ardous substances. This paper evaluates EPA’s 
proposed risk assessment process for defining a 
corrective action program, and provides an inte- 
grated site investigation/risk assessment approach 
to address development of clean-up criteria. A 
UST release exposure/risk assessment case study is 
provided to illustrate this approach to develop 
criteria for the cleanup of petroleum product con- 
stituents in the subsurface environment at a UST 
site in a suburban community in Massachusetts. 
(See also W89-01530) (Author’s abstract) 
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Natural waters in New Zealand cannot be utilized 
for hydroelectric power generation without appro- 
priate water rights. This chapter outlines the pro- 
cedures adopted for the issue of Crown and local 
water rights. Mechanisms for setting maximum and 
minimum lake levels and river minimum flows are 
also presented. The responsibilities and composi- 
tion of Regional Water Boards and national water 
quality classification standards are detailed. The 
role of the National Water and Soil Conservation 
Authority in the granting of Crown water rights is 
also explained. (See also W89-01871) (Lantz-PTT) 
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The Nature Conservation Council's files on hydro- 
electric power development proposals in New 
Zealand over the past 24 years are a valuable 
historical record which it willingly shares with 
other organizations, within the Government and 
outside it. In 1980 the council crystallized its accu- 
mulated knowledge and experience related to hy- 
droelectric power development and the conserva- 
tion of biological, landscape and other values into 
the policy statements which appear in this article. 
Many of the developments associated with any 
power scheme, not just hydro-schemes, come 
under investigation by the Nature Conservation 
Council. These include roading and the siting of 
transmission lines, substations and communications 
towers. Where possible, the procedure of discus- 
sion at the planning stage and site inspection is 
followed. Over the years considerable progress has 
been made in ensuring that biological and land- 
scape values are protected. Greater public aware- 
ness of nature conservation values has contributed 
to this success also. However, the protection of 
these values to the extent recommended by the 
council, or to the satisfaction of all individuals or 
groups with conservation interests, has not always 
been achieved. In the council’s experience direct 
confrontation generally achieves little by way of 
protecting landscape and biological values. The 
statutory planning procedure and hearings, as pres- 
ently conducted, sometimes achieve more but are 
costly in time, money and manpower. By far the 
most satisfactory solutions have been achieved 
through discussions with interested parties at the 
earliest stages of planning and, for large-scale, 
long-term projects, a continuing involvement 
throughout development until the project is com- 
pleted. (See also W89-01871) (Lantz-PTT) 
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A weed interferes, through some characteristic of 
its biology, life habit or habitat, with human use of 
the environment. The use of legislation to aid the 
control of such plants has a long history in New 
Zealand. The main emphasis has been on the con- 
trol of terrestrial plants which affect the farming 
industry, and only recently has there been a re- 
quirement for legislation to aid in aquatic plant 
control. This chapter discusses the development of 
a legislative and administrative framework to deal 
with nuisance aquatic plants. Limitation of the 
Noxious Plants Act are: (1) a lack of knowledge of 
aquatic plant problems and their control, by both 
field personnel and the noxious plants administra- 
tion. There was also a lack of water managers in 
the administration structure; (2) the coordination 
of control work. Aquatic weed problems are com- 
monly catchment-bound and control must there- 
fore be coordinated on a catchment basis; and (3) 
the definition of the occupier of waterways had 
not been clearly resolved and stated. Without the 
definition of occupier, central to the Noxious 
Plants Act, it was impossible to require a financial 
commitment or enforce any aquatic plant control 
measures, using the legislation. (See also W89- 
01871) (Lantz-PTT) 
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Differences between the ecosystem protected by 
federal laws and the ecosystem that can be defined 
by systems ecologists are examined. Today, there 
are a number of laws that make specific reference 
to ‘aquatic ecosystems,’ often in terms of their 
structure, function, integrity, and stability. One 
example is the Ocean Discharge Criteria (ODC) 
regulations for issuance of a National Pollution 
Discharge Elimination System (NPDES) permit. 
The applicant is required to ‘determine the nature 
and degree of effect that the proposed discharge 
will have, both individually and cumulatively, on 
the structure and function of the aquatic ecosys- 
tems and organisms.’ These ODC/NPDES regula- 
tions also protect against ‘unreasonable degrada- 
tion’ defined as ‘significant adverse changes in eco- 
system diversity, productivity, and stability...’ Our 
environmental laws assume that ecosystems will 
have legally definable behaviors, interpretable in 
terms of stability and disturbance. But the question 
then becomes whether the science of systems ecol- 
ogy is sufficiently advanced and wells supplied 
with quantitative information to provide these in- 
terpretations. Or, whether the language of the law 
presupposes a level of sophistication not yet for- 
malized in ecological exegesis. This paper examines 
where the state of the art of systems ecology meets 
the expectations of the law, and where it does not. 
(See also W89-01892) (Author’s abstract) 
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A successful community relations program must 
have several characteristics. First, it must involve a 
commitment from the management team to work 
openly with the public. Second, it must be suffi- 
ciently flexible so that the public can be brought 
into the process early enough and in clearly-de- 
fined ways so that local officials and leaders feel 
that they have control over what is happening in 
their community. Third, despite the criticisms and 
comments, which can sometimes border on harass- 
ment, the siting and operational processes must be 
open to public scrutiny. The operator of a waste 
management facility must be prepared to operate 
in a goldfish bowl. The firm that is able to develop 
such a community relations and communications 
program will increase the probability of its success 
immeasurably. Such a program may well provide 
the catalyst necessary to successfully site and oper- 
ate waste management facilities. (See also W89- 
02006) (Lantz-PTT) 
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Chapter NR 140, Groundwater Standards, of the 
Wisconsin Dept. of Natural Resources, is a com- 
plex rule which specifies that numerical ground- 
water standards apply at specific locations. Current 
wastewater land application systems have general- 
ly been effective in limiting the carbonaceous 
oxygen demand requirements in the groundwater. 
For those systems located on sandy-coarse grained 
soil types, nitrogen application rates need to be 
limited to the nitrogen requirements of the grow- 
ing cover crop. This should reduce the nitrogen 
increases in the groundwater found to be occurring 
currently. Total dissolved solids and chlorides are 
two groundwater parameters which are often ele- 
vated for both slow rate and high rate land treat- 
ment systems. Chloride impacts can be minimized 
by segregated high chloride containing wastes 
from the land treatment system. Groundwater 
standard exceedances for total dissolved solids will 
probably occur at most sites regardless of the 
quality of applied wastewater. These exceedances, 
however, can be minimized by improving the oper- 
ation and maintenance of the land treatment system 
and reducing the hydraulic application rates. Ana- 
lytical groundwater models are being used to fur- 
ther document chloride and other anion impacts on 
the groundwater. Reliability of these models needs 
to be improved by better definition of input param- 
eters. Initial findings from the groundwater models 
have confirmed existing information that the high 
rate land disposal systems (rapid infiltration 
system) have a high potential to impact anion- 
cation groundwater concentration. (See also W89- 
02006) (Lantz-PTT) 
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Realistic guidelines are needed to identify lead 
levels in soil which imply contamination or indi- 
cate the need for remedial action. Based on existing 
scientific information and interim soil lead guide- 
lines used to protect human health in Britain and 
Canada, it seems logical to propose 1,000 micro- 
grams/g soil lead for industrial (open spaces or 
parks) purposes and 500 micrograms/g lead for 
soils which are used for growing vegetables for 
consumption where maximum contact exposure to 
children might occur, such as in residential areas. 
Guidelines must take pertinent factors into account 
such as having a soil pH above 5.6, the influence of 
organic matter, the presence of chelating com- 
pounds and site specific geologic conditions that 
might affect metal mobility. The use of soil lead 
sample patterns to determine possible areas for 
remedial action is illustrated here by research on a 
former landfill site near Kansas City, MO. (See 
also W89-02006) (Lantz-PTT) 
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The primary objective of the guidelines and legis- 
lation reviewed is to protect public health via the 
promulgation and enforcement of standards. Pro- 
tecting raw water quality represents a change in 
emphasis which has occurred as a direct result of 
the increasing indirect reuse of water for potable 
supply. This change is reflected in the directive 
promulgated by the Council of the European Com- 
munities (CEC) which specifies maximum metal 
concentrations in raw water intended for potable 
water abstraction at varying levels of treatment. 
The derivation of potable water standards is open 
to the varying interpretation of available data by 
each national or international authority. For the 
most regulated metals, namely As, Cd, Cr, Hg, Pb, 
and Se, the World Health Organization (WHO) 
Guidelines maximum concentrations are identical 
to those stipulated by the CEC, whereas the U.S. 
EPA standards are less stringent for Cd and Hg, 
and the U.S.S.R. standards are more stringent for 
Se, but less stringent for Pb. Protection of the 
aquatic environment has prompted the CEC and 
EPA to promulgate discharge limits for certain 
metal-bearing industrial effluents. Discharges of 
Hg by the chlor-alkali industry for example, are 
subject to more stringent limits in the U.S. The 
concept of limit values for metals in effluents, 
although favored by most member states, has not 
been adopted by the U.K. whose system is based 
on the application of Environmental Quality Ob- 
jectives (EQOs). The EQO approach has been 
reflected in the CEC directives concerning Hg and 
Cd discharges which incorporate water quality 
objectives applicable to fresh water, estuarine, and 
seawater. The stability/immobility of heavy metals 
during sludge treatment and at the ultimate dispos- 
al site are critical in determining the safety of the 
disposal operation. Heavy metals present in sewage 
sludges give cause for concern in four areas: (1) 
Human health, when sludge is applied to agricul- 
tural land or disposed to sea; (2) Adverse effects on 
biological sludge treatment; (3) Adverse effects on 
the receiving environment; and (4) Effects on sur- 
face and groundwater quality when sludge is ap- 
plied to land. As a consequence of these concerns, 
guidance on the disposal of sewage sludge to land 
and in the marine environment has been given in 
the U.K. (See also W89-02097) (Lantz-PTT) 
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Isolated problems with chemical contamination of 
Wisconsin fish require the Department of Natural 
Resources to issue fish consumption advisories for 
recreational anglers and other fish consumers. Be- 
cause the department is decentralized, many 
groups share responsibility for the advisories. The 
absence of clear roles for these groups in the past 
has resulted in poor internal communication, non- 
rational data interpretation and contradictory 
public statements. A year-long evaluation of the 
program has produced a new operating procedure 
designed to assure both agency-wide review of 
data and decisions, and public announcements that 
are timely and consistent. The new procedure is a 
4-stage process that features redefinition of the 
sampling year, annual analysis of data (except in 
emergencies), and extensive liason between field 
and staff and between fishery and water resources 
managers. (See also W89-02137) (Author’s ab- 
stract) 
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The chemical industry’s task is to produce prod- 
ucts that world markets want and in doing so to 
make sufficient profit to reward those who provide 
the capital, to ensure its continuing development 
and also to do so in harmony with society. It is in 
this last respect that environmental pressures must 
be accommodated. Policies cannot respond to en- 
vironmental constraints alone but must achieve a 
balance between costs, product performance and 
environmental performance. Good management 
and new technology provide a pay-off that is 
shared in these three dimensions. It is dangerously 





misleading to claim that tighter environmental con- 
trols and more stringent legislation is necessarily 
beneficial economically. The benefits of an im- 
proved environment are for the most part not 
quantifiable in money terms. In policies and deci- 
sions, a value judgement is affected in which envi- 
ronmental performance is traded against cost and 
product performance. Imperial Chemical Indus- 
tries (ICI), in Brixham, England, has achieved an 
enviable reputation for its approach to environ- 
mental matters and received a number of awards 
for processes and products that reflect this ap- 
proach. In developing new sites in the UK, ICI has 
responded to the long established and extensive 
laws for planning control. In addition, the Europe- 
an Economic Commission has produced a directive 
requiring a formal Environmental Impact Assess- 
ment for major new developments. ICI manage- 
ment believes that of greater importance is the 
internal management process whereby significant 
environmental, in the very broadest sense of the 
word, impact is explored in order to maximize the 
chance of a successful project that is accepted by 
the community. These concepts are developed and 
illustrated by reference to specific projects, proc- 
esses and products. (See also W89-02155) (Au- 
thor’s abstract) 

W89-02163 


TRANSBOUNDARY MANAGEMENT OF 
LARGE LAKES: EXPERIENCE WITH THE 
GREAT LAKES OF NORTH AMERICA, 
Northwestern Univ., Evanston, IL. Center for 
Urban Affairs and Policy Research. 

L. Botts. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 47-61, 6 ref. 


Descriptors: *Great Lakes, *Canada, *Internation- 
al commissions, *Treaties, *Water management, 
Legal aspects, Channels, Lakes, Public policy, His- 
tory. 


The Great Lakes of North America divide the 
continent politically but unite the United States 
and Canada in transboundary resource manage- 
ment by treaty. For three-quarters of a century, the 
1909 Boundary Waters Treaty has provided a 
model for peaceful cooperative resource manage- 
ment across an international border. For the Great 
Lakes, the treaty provides procedures for bi-na- 
tional management of water quantity and water 
quality. Concern about quantity led to negotiation 
of the treaty with a provision that later provided 
the framework for the Great Lakes Water Quality 
Agreement. The formal responsibility for adminis- 
tering the treaty and the Great Lakes Agreement 
rests with the International Joint Commission of 
Canada and the United States (IJC). This uniquely 
independently bi-national agency was established 
by the 1909 Treaty. The Treaty’s designers mainly 
considered management of levels and flows 
through certain connecting channels. Still, the in- 
stitutions and processes they established provided 
precedents that would be followed later in the 
Great Lakes Water Quality Agreement. Perhaps 
the greatest testimony to their foresight is the fact 
that the IJC has split along national lines in fewer 
than half a dozen of over 100 decisions in almost 
75 years. Both boards submit annual reports to the 
IJC. Both the board reports and the IJC reports 
serve several purposes. First, they provide a histor- 
ical record of activities under the Agreement. 
Second, the annual reports, particularly from the 
Science Advisory Board and its subsidiary units, 
provide a forum for technical and scientific experts 
to raise policy issues for consideration. The third 
function is to make the boards and indirectly the 
governments accountable to the public. (See also 
W89-02176) (Lantz-PTT) 
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The four main tasks mentioned in the Agreement 
establishing the Commission on Lake Geneva 
water quality are: (1) To organize and have all 
research carried out necessary to the understand- 
ing of the nature, the importance and the sources 
of pollution and to exploit the results of this re- 
search; (2) To recommend to the contracting gov- 
ernments what measures to take to curb existing 
pollution and prevent all future pollution; (3) The 
commission can prepare the elements of an interna- 
tional regulation on the subject of water quality in 
Lake Leman; and (4) It examines any other issue 
pertinent to water pollution. The International 
Commission has no direct power of decision. The 
only thing it can do is recommend to its member 
states what action should be taken. It is up to these 
states to implement these recommendations within 
their jurisdiction. For example, the 1985 recom- 
mendations were: (1) to extend the agreement on 
phosphate reduction, because of its positive effects; 
(2) to generally promote the use of detergents 
without phosphates; (3) to promote the construc- 
tion of separate sewage collection systems and to 
repair and upgrade existing sewerage systems; (4) 
to reinforce quality control of effluents of sewage 
treatment plants by providing the responsible orga- 
nizations with sufficient resources; and (5) to un- 
dertake all efforts to reduce diffuse pollution by 
encouraging rational use of fertilizer and manure 
and by promoting ways of cultivation that will 
reduce soil erosion. The application of these rec- 
ommendations will take some time, depending how 
motivated the different states are. (See also W89- 
02176) (Lantz-PTT) 
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INDUSTRIAL SITING IN A DEVELOPING 
COUNTRY THE CASE OF ARGENTINA - ITS 
CONTEXT - THE ENVIRONMENTAL DIMEN- 
SION, HAZARDOUS WASTE AND LARGE 
LAKES. 


Indiana Univ. at Bloomington. 
For primary bibliographic entry see Field 6G. 
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STRATEGIES FOR CONTROL OF NON-POINT 
SOURCE POLLUTION, 

American Farmland Trust, Washington, DC. 

For primary bibliographic entry see Field 5G. 
W89-02186 


INTRODUCING SCIENTIFIC ANALYSIS TO 
PUBLIC POLICY - AN INTERNATIONAL PER- 
SPECTIVE, 

Dartmouth Coll., Hanover, NH. 

K. von Moltke. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 179-188. 


Descriptors: *Institutions, *Public policy, *Inter- 
national commissions, *Lake management, *Envi- 
ronmental protection, Research priorities, Water 
pollution prevention, Policy making. 


Policy in relation to natural resources is unique 
among policy areas in its focus on goods which 
have no voice of their own. But policy is made by 
people, and through the articulation of goals and 
social means; to develop environmental policy it is 
essential to formulate the changes which occur in 
nature in an articulate manner. It is extremely 
difficult to obtain assessments of research with 
respect to a transjurisdictional ecosystem, such as 
like large lakes, because of the difference which 
may be obtained in the various jurisdictions. The 
major difficulty lies not in the absence of relevant 


research, nor in language problems but in the fact 
that the policy-making institutions for large lakes 
are either indeterminate or rly known. Conse- 
quently, it can be very difficult to make assess- 
ments which are truly policy relevant. Without a 
clearly defined well functioning policy-making 
context, it is also impossible to develop effective 
institutions for policy-relevant research assess- 
ments. All attempts at such institutional develop- 
ment at the international level have thus far had 
only modest success. In practice, policy-oriented 
research assessments for international policy issues 
must be undertaken ad hoc, much as international 
policy-making itself occurs. The two examples of 
cooperative ventures by academies, the joint ven- 
ture of the British Royal Society, and the Swedish 
academy and the assessment of the Great Lakes 
Water Quality Agreement by the NAS and the 
Canadian Royal Society - are probably examples of 
the kind of assessments which it will be necessary 
to undertake in advancing complex policy issues in 
transjurisdictional situations. (See also W89-02176) 
(Lantz-PTT) 

W89-02187 


SETTING PRIORITIES FOR GREAT LAKES 
ENVIRONMENTAL QUALITY RESEARCH, 
National Oceanic and Atmospheric Administra- 
tion, Rockville, MD. Ocean Assessments Div. 

For primary bibliographic entry see Field 6A. 
W89-02188 


ROLE OF THE NEWS MEDIA IN DETERMIN- 
ING PUBLIC POLICY FOR THE GREAT 
LAKES, 

Globe and Mail, Toronto (Ontario). 

For primary bibliographic entry see Field 6A. 
W89-02189 


INTERNATIONAL AGREEMENTS AND 
STRATEGIES FOR CONTROLLING TOXIC 
CONTAMINANTS, 

=— Univ., Indianapolis, IN. Holcomb Research 
nst. 

O. L. Loucks, and H. A. Regier. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 235-247, 3 ref. 


Descriptors: *International agreements, *Water 
pollution control, *Water quality control, *Toxic 
wastes, *Hazardous wastes, Toxicity, Data acquisi- 
tion, Data interpretation, Information exchange, 
Public relations, Public policy. 


There is little that can be recognized as interna- 
tional strategy for controlling contaminants. An 
important development at the level of strategy by 
the political leadership is the announcement of a 
Cooperative Agreement in controlling Toxics in 
the Great Lakes by the Governors of the Lake 
States and Provincial Premiers in May 1986. Two 
important joint institutions were established 
through the Agreement: the Water Quality Board 
and the Science Advisory Board. The main re- 
sponsibilities of these two joint institutions can be 
summarized as follows: (1) Data collection, analy- 
sis and distribution; (2) Advice and recommenda- 
tions by the joint institutions; (3) Assistance in the 
coordination of joint activities; (4) Investigations; 
and (5) Public information. In viewing the progress 
to date under the Agreement and through the joint 
institutions, the NRC/RSC Committee (1985) 
made the following major findings: (1) The past 
century can be shown to have had a record of 
resource degradation in the basin, intruding more 
and more deeply into ecosystemic processes, ex- 
panding in area from local effects, to whole-lake 
effects, to the whole basin, and extending in dura- 
tion of the impact from brief to almost irreversible; 
(2) The causes of these impairments are now more 
complex and have become less evident; and (3) 
The sequence of degradation, subsequent correc- 
tive measures, which are only partially effective, 
and the prospects of new environmental impacts 
have not yet been brought under control. (See also 
W89-02176) (Lantz-PTT) 
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W89-02191 


ECOSYSTEM MANAGEMENT: OVERCOMING 
JURISDICTIONAL DIVERSITY THROUGH 
LAW REFORM, 

Canadian Environmental Law Research Founda- 
tion, Toronto (Ontario). 

P. Muldoon. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 249-265, 19 ref. 


Descriptors: *Environmental law, *Environmental 
management, *Legal aspects, *Great Lakes, *Envi- 
ronmental protection, Jurisdiction, Administration, 
Management planning, Public policy. 


The quest for uniform rights concerning public 
participation is only one means to further the im- 
plementation of ecosystem management; a single 
dimension in a multi-faceted approach needed to 
address the problem of jurisdiction diversity. Other 
legal initiatives must also be researched, such as 
the study the Canadian Environmental Law Re- 
search Foundation (CELRF) initiated following 
the cross-border litigation study. Reform of the 
legal impediments to cross-border litigation within 
the Great Lakes ecosystem can take two general 
routes. The first route would be to advocate that 
each jurisdiction remove those specific common 
law and statutory provisions identified as barriers 
to cross-border litigation. The second route is to 
develop a ‘model statute’ which includes provi- 
sions that would vest each resident of the ecosys- 
tem with a basic array of environment rights - the 
‘Ecosystem Rights Act’. The Ecosystem Rights 
Act would incorporate the following principles: 
(1) courts and administration tribunals within eco- 
system jurisdictions would consider the ecosystem 
as a single jurisdictional unit in matters relating to 
its protection, conservation, and enhancement; (2) 
every person residing within an ecosystem jurisdic- 
tion would have equal access to the courts and 
administrative tribunals within the ecosystem to 
participate in proceedings relating to the protec- 
tion, conservation, and enhancement of the ecosys- 
tem, and share the same rights to relief as any 
other person of the jurisdiction where the proceed- 
ing was commenced; (3) in any proceeding before 
a court or tribunal affecting the protection, conser- 
vation, or enhancement of the ecosystem, the 
court- or tribunal is empowered to consider the 
basin-wide impacts of its actions; (4) courts have 
jurisdictions over any polluter within the ecosys- 
tem and will not bar a claim solely because it 
related to injury to land within the ecosystem but 
outside the territorial limits of the jurisdiction; (5) 
every person within the ecosystem has a right to 
bring action against any person for environment 
injury or an order to restrain any activity that may 
cause harm to the ecosystem or violate any envi- 
ronmental law, standard or permit, even though 
that person does not allege any personal injury. 
(See also W89-02176) (Lantz-PTT) 
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LAKE RESOURCES AND FISHERIES UTILI- 
ZATION IN HUBEI PROVINCE, 

Hubei Aquatic Products Science Research Inst. 
(China). 

For primary bibliographic entry see Field 2H. 
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ENVIRONMENTAL IMPACTS OF LARGE 
SCALE HOG PRODUCTION FACILITIES, 
Michigan State Legislature, Lansing. Legislative 
Science Office. 

For primary bibliographic entry see Field 5G. 
W89-02204 


DRINKING WATER STANDARDS: THEIR 
DERIVATION AND MEANING, 

Environmental Protection Agency, Washington, 
DC. Office of Drinking Water. 

For primary bibliographic entry see Field 5G. 
W89-02210 


OVERVIEW OF MICHIGAN GROUNDWATER 
A 


Michigan State Univ., East Lansing. Dept. of Re- 
source Development. 

P. M. Ryan, and L. L. Leighty. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 305- 
322, 2 append. 


Descriptors: *Michigan, *Groundwater, *Water 
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forcement, State jurisdiction, Federal jurisdiction, 
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Michigan case law establishes a reasonable use rule 
for withdrawals of groundwaters by property 
Owners. Quantities of water withdrawn are not 
without limit. It is probable that this limitation will 
be applied to uses on the land from which the 
water is withdrawn, as well as for uses distant from 
the well site, if and when the Michigan Supreme 
Court accepts a case on these facts. Only one 
Appeals Court case (Maerz v. U.S. Steel Corp.) 
has decided this issue, and all Supreme Court cases 
have involved off-site uses with a significant public 
interest, namely a public drinking water supply. On 
the quality side, it seems that the groundwaters of 
Michigan are aptly protected by statutory and 
common law. The significant penalties and impris- 
onment, serve as the most significant protective 
measure. Additionally, such penalties encourage 
prevention of contamination as a sound business 
practice. Where contamination has occurred, there 
are remedial measures at the state and federal level 
to enforce cleanup; on-site cleanup is preferred 
under the Superfund regulations. While a few 
more cases may reach appellate courts, most activi- 
ty is likely to involve administrative law and reach 
appeal only in rare cases. The costs and potential 
penalties, compared with the strength of the stat- 
utes and balancing of the equities, will preclude 
most challenges by alleged violators. (See also 
W89-02196) (Lantz-PTT) 

W89-02216 


WISCONSIN PROGRAMS ON GROUNDWAT- 
ER POLLUTION LIABILITY, 

Wisconsin Dept. of Justice, Madison. Public Inter- 
venor Office. 

T. J. Dawson. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 323- 
337. 


Descriptors: *Wisconsin, *Groundwater pollution, 
*Liability, *Legal aspects, Civil law, Regulations, 
Solid wastes, Hazardous wastes. 


The terms ‘liability’ and ‘pollution’ have to be 
defined initially to evaluate state programs for 
groundwater pollution in general and for that of 
Wisconsin in particular. To environmentalists, in- 
dustry, pollution victims, and perhaps to a lesser 
extent, to regulators, liability is the risk or actuality 
of paying the costs of what has been termed 
‘groundwater pollution.’ These costs are consid- 
ered from the economic standpoint, although cer- 
tain groundwater pollution consequences include 
noneconomic costs, such as physical and emotional 
injury for civil wrongs, and even imprisonment for 
criminal violations. Even these could be said to 
have economic value. However, this consideration 
of ‘liability’ for groundwater pollution in Wiscon- 
sin involves civil, criminal, and regulatory liability, 
such as the costs of complying with regulatory 
orders for cleanup and monitoring. Wisconsin’s: (1) 
Solid Waste Laws; (2) Mining Laws; (3) Point 
Source Laws; (4) Groundwater Law; (5) Water 
Supply Damage Law; (6) Hazardous Substance 
Spills Law; and (6) 6-Citizen Complaint Statute, 
are all briefly presented. The rationale behind these 
laws and the impact of the liability provisions of 
the groundwater program are interpreted. (See 
also W89-02196) (Lantz-PTT) 
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COUNTY LEADERSHIP FOR GROUNDWAT- 
ER CONCERNS, 

Western Michigan Univ., Kalamazoo. Science for 
Citizens Center. 


D. J. Brown. 

IN: Rural Groundwater Contamination. Lewis 
Publishers, Inc., Chelsea, Michigan, 1987. p 339- 
350, 2 fig, 5 tab, 6 ref. 
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The originators of the Southwest Michigan Pro- 
gram saw the county as an appropriate and man- 
ageable sized governmental unit to address the 
problem of citizen access to government in con- 
nection with private or local water quality. The 
purpose of the Southwest Michigan Groundwater 
Survey and Monitoring Program is to safeguard 
the public health by using systematic methods to 
identify and protect the quality of groundwater in 
the region. Funded by a W.K. Kellogg Foundation 
grant, the Program operates a full-scale project in 
five counties and a more limited program in five 
additional counties. Program goals include the fol- 
lowing: (1) establish a computerized geologic data 
base sufficient to identify and map the significant 
aquifers in the region; (2) establish a computerized 
water quality data base characterizing baseline or 
background water quality; (3) provide training in 
each member county to enable establishment and 
continuance of the data bases; (4) conduct an ex- 
tensive program of chemical analysis of ground- 
water; (5) provide training in each member county 
to enable sanitarians to interpret and apply geologi- 
cal and water quality data to public health and 
water quality protection; (6) cooperate with all 
appropriate entities to produce a model system and 
program for state-wide and broader application; 
and (7) develop and execute a public education 
project focusing on groundwater and public 
health. (See also W89-02196) (Lantz-PTT) 
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INDUSTRY/AGENCY PERSPECTIVES ON 
STRATEGIES FOR PROTECTING GROUND- 
WATER, 

National Agricultural 
Washington, DC. 

T. J. Gilding, A. Beaujean, and J. A. Koski. 

IN: Rural Groundwater Contamination. Lewis 
yaaa Inc., Chelsea, Michigan, 1987. p 379- 
91. 


Chemicals Association, 
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The goal in groundwater protection and manage- 
ment is protection of groundwater quality for cur- 
rent or potential drinking water purposes or other 
uses which require a higher degree of protection. 
This goal can be met through: (1) moving away 
from commercial and industrial waste discharges 
into the groundwater; (2) preventing contamina- 
tion at a potential source through reformulation of 
products, education and implementation of precau- 
tionary programs; and (3) timely permitting and 
vigorous monitoring activities. An effective moni- 
toring program is necessary. The State of Michi- 
gan must move toward addressing issues and pre- 
venting groundwater pollution. By so doing, clean- 
up activities which have been enormously expen- 
sive will be minimized. The Groundwater Protec- 
tion and Management Committee has made several 
recommendations which include: (1) The rules in 
Part 22 of Act 245 should be amended to define 
nondegradation and be promulgated by September, 
1988; (2) The Water Resources Commission should 
develop a policy to implement the goal of moving 
away from commercial and industrial waste dis- 
charges into groundwater; (3) Steps should be 
taken to ultimately consolidate oversight responsi- 
bility for all groundwater protection and drinking 
water programs within one state agency; (4) A 
program should be developed to protect ground- 
water from leaking/inadequate storage and han- 
dling of petroleum and hazardous materials; (5) 
The State should provide funding for certified 








local agencies for administering state standards for 
storage and handling of hazardous materials; (6) 
Administrative agencies should have the authority 
to impose administrative fines on chronic violators 
in order to improve groundwater protection en- 
forcement, including drinking water supplies; (7) A 
consistent program for private well permitting 
should be instituted statewide; and (8) Local units 
of government with state technical assistance 
should be encouraged to consider groundwater 
management in planning and zoning as part of on- 
going planning and zoning decisions. (See also 
W89-02196) (Lantz-PTT) 
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Assistance available from various federal, state and 
local government agencies in Michigan on prob- 
lems associated with groundwater contamination 
or its protection is discussed. The U. S. Geological 
Survey program in Michigan is planned and 
funded cooperatively with 40 units of local gov- 
ernment as well as state and federal agencies. The 
USGS publishes an annual series of reports titled 
‘Groundwater Data for Michigan ‘ which includes 
groundwater data collected for each calendar year. 
Additional studies are underway to relate land use 
to ground and surface water quality and quantity 
and to study pesticides in water. The U. S. Depart- 
ment of Agriculture, Soil Conservation Service 
conducts most of its work at the county level. 
Historically, the Soil Conservation Service has not 
had a role in groundwater resources but by con- 
trolling pollution on the surface, groundwater con- 
tamination problems may be reduced or eliminated. 
Assistance from the state of Michigan is available 
from various departments and agencies, such as the 
Department of Natural Resources, Groundwater 
Quality Division; the Department of Agriculture, 
Environmental Division; and the Department of 
Public Health. A wide range of technical expertise 
regarding all types of groundwater problems is 
available from the Groundwater Quality Control 
Section. (See also W89-02196) (Lantz-PTT) 
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FLOOD PROOFING BIBLIOGRAPHY, ANNO- 
TATED. 


Soil Conservation Service, Washington, DC. 
June 1988. 25p. 
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One hundred and four references on various as- 
— of flood proofing are cited and annotated. 
bibliography is for use by all Corps of Engi- 
neers and other interested persons requiring infor- 
mation on the subject, and includes topics which 
range from flood damage to costs, and case studies 
to shore protection and how homeowners can 
flood proof their homes. (Lantz-PTT) 
W89-01807 


WILD AND SCENIC RIVERS: CONSERVA- 
TION AND NATURAL WATER AMENITIES, 
Ministry of Works and Development, Wellington 
(New Zealand). 

C. J. Collins. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 59-74, 1 fig. 
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Outlined is the status of in-stream values as they 
were under the original water and soil legislation 
and backgrounds why change was needed. Then 
discussed is the new protective measures, the water 
conservation order approach, provided by the 1981 
amendment to the legislation; and the types of 
water-bodies that can be covered and the degree of 
protection afforded. The criteria to assess whether 
a particular river or lake should be protected, and 
to what extent, are investigated. Some implications 
of a water conservation order are explored. Finally 
a critique of the river conservation order approach 
to protecting in-stream values is offered and im- 
provements suggested. (See also W89-01871) 


(Lantz- 
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EFFECTS OF THE DEVELOPMENT OF 
RURAL WATER SUPPLY ON THE GEO- 
GRAPHIC RHYTHM OF THE VILLAGERS 
AND AGRICULTURE IN THE MTWARA 
REGION OF TANZANIA (MAASEUDUN VESI- 
HUOLLON PARANEMISEN VAIKUTUS KY- 
LALAISTEN MAANTIELEELLISEEN' RYT- 
MIIN JA MAANVILJELYYN MTWARAN 
LAANIN ALUEELLA TANSANIASSA), 

Helsinki Univ. (Finland). Inst. of Development 
Studies. 
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EARTHQUAKES, INJECTION WELLS, AND 
THE PERRY NUCLEAR POWER PLANT, 
CLEVELAND, OHIO, 

Ohio Univ., Athens. Dept. of Geological Sciences. 
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LESSONS FROM EIA FOR BICOL RIVER DE- 
VELOPMENT IN PHILIPPINES, 

Philippines Univ. at Los Banos. Coll. of Engineer- 
ing and Agro-Industrial Tech. 

R. Abracosa, and L. Ortolano. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWPEDS, Vol. 114, No. 5, p 517- 
530, September 1988. 2 fig, 12 ref. 


Descriptors: *Environmental impact statement, 
*Philippines, *Environmental policy, *Bicol River 
Basin, *Water resources development, Regional 
development, Rural areas, River basins, Planning, 
Performance evaluation. 


Beginning in 1975, the Bicol River Basin Develop- 
ment Program (BRBDP) of the Philippines em- 
barked on a plan to develop the Rinconada area by 
providing integrated projects for rural develop- 
ment. Environmental studies were done, but large- 
ly in response to procedural requirements of the 
U.S. Agency for International Development. The 
Philippine environmental impact statement require- 
ments were not taken seriously. The resulting envi- 
ronmental assessment was oy and failed to 
predict negative impacts that followed project im- 
SS particularly construction of the Lake 
whi regulation project. The controversy caused 
by the adverse effects necessitated follow-on envi- 
ronmental studies and engineering works and en- 
hanced the BRBDP’s appreciation of environmen- 
tal impact assessment as a practical planning tool. 
(Author’s abstract) 
W89-01367 


DISEASE HAZARDS OF IRRIGATION 
SCH 


IEMES, 
Mahidol Univ., Bangkok (Thailand). Faculty of 
Tropical Medicine. 
S. Sornmani, and C. Harinasuta. 
World Health Forum WHFODN, Vol. 9, No. 2, p 
254-257, 1988. 3 ref. 
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The construction of river dams in north-east Thai- 
land led to better navigational conditions, the gen- 
eration of adequate amounts of electricity, im- 
proved water supplies for domestic and agricultur- 
al use, the expansion of fishing, and higher in- 
comes. However, people in the area, particularly 
those where irrigation schemes were established, 
suffered increasing incidences of parasitic diseases, 
most notably opisthorchiasis. The construction of 
the dams resulted in changes in the fauna, some of 
which have had adverse effects on human health. 
There has been a rapid proliferation of mosquitoes 
that transmit malaria or dengue hemorrhagic fever, 
of certain snails and fish that spread liver-fluke 
infection, eosinophilic meningo-encephalitis, schis- 
tosomiasis, cercarial dermatitis, and gnathostomia- 
sis, and of dogs, cats and rats, which serve as 
reservoirs for several pathogens. By involving the 
communities directly in a control program, it has 
proved possible to diminish this drawback to a 
significant extent. After three years, not only was 
opisthorchiasis under control but other aspects of 
primary health care had bee improved; thus better 
drinking-water supplies were available, toilet facili- 
ties were more widespread, and an essential drug 
program was established. (Author’s abstract) 
W89-01379 


MACROBENTHIC COMMUNITIES FROM 
WETLAND IMPOUNDMENTS AND ADJA- 
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Marine Resources Research Inst., Charleston, SC. 
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FOOD HABITS AND DISTRIBUTION OF WIN- 
TERING CANVASBACKS, AYTHYA VALISIN- 
ERIA, ON CHESAPEAKE BAY, 

Patuxent Wildlife Research Center, Laurel, MD. 
For primary bibliographic entry see Field 2L. 
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ENVIRONMENTAL CONTROLS OVER GEO- 
THERMAL ENERGY EXPLOITATION, 
Melbourne Univ., Parkville (Australia). School of 


Ww. 

A. J. Bradbrook. 

Environmental and Planning Law Journal, Vol. 4, 
No. 1, p 5-25, March 1987. 
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Groundwater pollution, Air pollution, Surface 
water, Water pollution. 


The relationship between the environment, envi- 
ronmental law, and geothermal exploitation have 
so far received scant attention from either environ- 
mentalists or lawyers. What may be the environ- 
mental consequences of geothermal energy exploi- 
tation as well as how current environmental con- 
trols would apply to any such developments are 
explored. There are considerable geothermal re- 
sources in Australia, especially in Victoria. Recent 
research has shown that there are substantial 
aquifers containing warm to hot groundwater of 
good quality in the Otway and Gippsland Basins in 
southern Victoria. This groundwater is suitable for 
space heating and cooling. Atmospheric pollution, 
principally by sulfur dioxide, from geothermal 
steam exhaust, and surface water pollution result- 
ing from geothermal exploration, are identified as 
major environmental problems. The relevance of 
existing legal controls to this resource is examined 
and legislative amendments which may be neces- 
sary to take account of the specific environmental 
problems by geothermal exploitation are 
suggested. Although the discussion concentrates 
primarily on the law of Victoria, since this is 
where any large-scale development of geothermal 
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resources seems likely to take place, it is neverthe- 
less relevant to the whole of Australia, and possi- 
bly elsewhere, as a model for other states and 
countries to consider as and when geothermal ex- 
Se (Author's abstract) 


CHARACTERIZING THE INFLUENCE OF 
NATURAL VARIABLES DURING ENVIRON- 
MENTAL IMPACT ANALYSIS, 

Tennessee Valley Authority, Norris. Engineering 
Lab. 

For primary bibliographic entry see Field 7A. 
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IN SITU CONTAMINANTS AND ENVIRON- 
MENTAL ASSESSMENT: AN ECOLOGICAL 
SUMMARY, 

FEARO, Halifax (Nova Scotia). 

For primary bibliographic entry see Field 5C. 
W89-01725 


SOCIAL AND HUMAN RELEVANCE OF IN 
SITU SEDIMENTS, 

Moncton Univ. (New Brunswick). Faculty of 
Social Sciences. 

L. Desjardins. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in Hydrobiology 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 121-124, 9 ref. 


Descriptors: *Social impact, *Water pollution, 
*Sediment contamination, Social participation, 
Social aspects, Information exchange, Environ- 
mental protection. 


Pollution issues disturb the perfect harmony be- 
tween human beings and nature, and between dif- 
ferent human groups. The restoration of the har- 
mony requires a revision of paradigms, values and 
the interactivity of systems. Ultimately, the choices 
will be made on the basis of very many concerns. 
The rational and the irrational will combine to 
form a series of remedial measures that may not 
satisfy the traditional view of progress nor the 
newly acquired vision of a restored environment. 
Any interaction between technocrats and decision- 
makers inevitably creates its own dynamics so that 
interacting becomes the mechanism by which one 
experiences and through which one’s choices are 
molded by those of others. The interactivity proc- 
ess does not guarantee any particular solution, it 
only leads to the point where humans are now the 
focus of the exercise. (See also W89-01714) (Lantz- 
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ASSESSMENT OF SOCIO-ECONOMIC RAMI- 
FICATIONS, 

Waterloo Univ. (Ontario). Faculty of Environmen- 
tal Studies. 

For primary bibliographic entry see Field 6B. 
W89-01727 


PERCEPTIONS, PARADIGMS AND ETHICS: A 
PERSPECTIVE ON THE SOCIAL CONTEXT 
OF ENVIRONMENTAL ISSUES, 

Department of the Environment, Ottawa (Ontar- 
io). 

C. J. Starrs. 

IN: Ecological Effects of In Situ Sediment Con- 
taminants. Proceedings of an International Work- 
shop held in Aberystwyth, Wales, 1984. Develop- 
ments in my ead 39, Dr. W. Junk Publish- 
ers, Boston, 1987. p 131-135, 17 ref. 


Descriptors: *Social aspects, *Environmental pro- 
tection, *Canada, Public relations, Ecology, Social 
adjustment. 


The rapid evolution in public perceptions and un- 
derstandings of environmental issues in Canada has 
evolved to the point where today such issues are 
beginning to be seen as cultural issues. The array 
of environmental and other societal problems is 
bringing into question the taken-for-granted as- 


sumptions or the worldview of ‘cultural paradigm’ 
common to all industrialized countries. Many 
social analysts are suggesting that these problems 
are inherent in the industrial worldview and can 
therefore only be resolved by moving onward to 
another way of making sense of the world around 
us, and that elements of a new paradigm appear to 
be emerging. The major characteristics of the in- 
dustrial worldview are described, and those of an 
emerging alternate worldview are sketched. Part 
of this societal questioning is evidenced in a resur- 
gence of interest in environmental ethics but, 
except for ‘deep ecology’, this debate has yet to be 
linked to the broader discussion of shifting cultural 
paradigms. The changing social context suggests 
that there are opportunities to use different policy 
instruments than regulation that would prevent the 
occurrence of environmental damage in the first 
place. It also suggests that the active involvement 
of thoughtful and responsible citizens is essential if 
the current period of questioning is to lead to a 
society that is sound and dynamic in ecological and 
human terms. (See also W89-01714) (Author’s ab- 
stract) 
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METHOD FOR TREATMENT OF DATA FROM 
THE INSTREAM FLOW INCREMENTAL 
METHODOLOGY FOR INSTREAM FLOW DE- 
TERMINATION, 

Utzh State Div. of Wildlife Resources, Salt Lake 
City. 

For primary bibliographic entry see Field 4C. 
W89-01737 


STONEFLIES AND RIVER REGULATION - A 
REVIEW, 

Oslo Univ. (Norway). Zoological Museum. 

For primary bibliographic entry see Field 2H. 
W89-01744 


CLASSIFICATION OF TAILWATER SITES RE- 
CEIVING RESIDUAL FLOWS FROM UPLAND 
RESERVOIRS IN GREAT BRITAIN, USING 
MACROINVERTEBRATES DATA, 
Freshwater Biological Association, 
(England). River Lab. 

P. Armitage. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 131-144, 4 fig, 5 
tab, 14 ref. 


Wareham 


Descriptors: *Tailwater, *Flow regulation, *Ma- 
croinvertebrates, *Reservoirs, *Ecological effects, 
Great Britain, Reservoir operation, Fauna. 


The amount of water left in rivers and streams 
after abstraction for public supply is referred to as 
the residual or compensation flow. In the past the 
quantities of water released from reservoirs have 
been the subject of arbitrary rulings. Throughout 
Great Britain there are a large number of reser- 
voirs where decisions as to the amount of compen- 
sation flow to be released were made many years 
before the present archive of river flow data was 
available. Before guidelines for resetting reservoir 
operating policy and compensation releases can be 
prepared, it is important that information should be 
obtained on the biological consequences of particu- 
lar compensation flows and in 1983 the macroin- 
vertebrate fauna below 29 reservoirs was exam- 
ined. This survey has revealed two interesting 
areas for future study: (1) the statistically signifi- 
cant but low correlation of faunal diversity with 
age of site; (2) the apparent ‘aging’ effect of reser- 
voirs on some downstream sites provides evidence 
of the major disruption of continuum processes and 
this would repay a more detailed investigation. 
Ges also W89-01736) (Lantz-PTT) 
89-01745 


IMPACT OF LARGE DISCHARGE FLUCTUA- 
TIONS ON THE MACROINVERTEBRATE 
POPULATIONS DOWNSTREAM OF A DAM, 
Lyon-1 Univ., Villeurbanne (France). Dept. de 
Biologie Animale et Ecologie. 

O. Gaschinguard, and A. Berly. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 145-161, 8 fig, 1 


tab, 26 ref, append. 


Descriptors: *Fluctuations, *Ecological effects, 
*Macroinvertebrates, *Flow regulation, *Regulat- 
ed flow, Rivers, Discharge, Benthic fauna, Stress, 
Species diversity. 


The impacts of river regulation on downstream 
habitats have received frequent study, and good 
reviews have been given. The impacts of hydro- 
developments that include a reservoir are well 
known, however, little attention has been given to 
projects that lack a reservoir; situations in which 
only the flow rate has been modified. This paper 
deals with a comparison of the macroinvertebrate 
fauna in the up- and downstream sections of the 
Rhone River, close to Lyon (France), where only 
the flow rate has been modified. The presence of 
Jons Dam has modified the benthic habitat in the 
downstream section of the by-passed river through 
changes in hydraulic characteristics, sediments and 
organic matter content. These changes have accen- 
tuated the instability of the downstream environ- 
ment. Abrupt hydraulic fluctuations in the by- 
passed section are responsible for the increased 
mobility of the substrate and increased hydraulic 
stress, which may cause the catastrophic drift of 
normally non-mobile invertebrates. Such an in- 
crease is particularly drastic for filter feeders and 
may cause the rarefaction of Hydropsychidae and 
bivalve mollusks. (See also W89-01736) (Lantz- 
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THERMAL ‘RESETTING’ OF STREAMS BY 
RESERVOIR RELEASES WITH SPECIAL REF- 
ERENCE TO EFFECTS ON SALMONID 
FISHES, 
Freshwater 
(England). 
D. T. Crisp. 
IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 163-182, 2 fig, 6 
tab, 68 ref. 


Biological Association, Ambleside 


Descriptors: *Thermal pollution, *Reservoirs, 
*Fish, *Ecological effects, *Reservoir releases, 
*Flow regulation, Trout, Epilimnion, Seasonal 
variation. 


A general review of effects of impoundments, in- 
cluding temperature effects, brief reviews of the 
thermal regimes in natural and regulated streams 
and a review of thermal regimes in rivers have 
been published in recent years. The nature and size 
of thermal changes associated with impoundment 
are variable and make it difficult to form any firm 
generalizations. This paper makes a brief general 
survey, illustrated with a small number of specific 
examples. This leads to an examination of the 
effects upon fish populations, with particular refer- 
ence to salmonid fishes, especially the brown trout. 
During the period of stratification it would be 
possible to balance the output from epilimnic and 
hypolimnic draw-offs so as to attain any desired 
output temperature which fell between the tem- 
peratures of the epilimnion and the hypolimnion. 
In this way, the output temperatures could be 
brought close to those of natural tributaries. How- 
ever, during the winter and early spring when 
reservoir water temperatures are relatively uni- 
form throughout the depth range, this type of 
manipulation would not be possible and the effects 
of resetting the annual temperature cycle could not 
be entirely avoided. As has already been seen, 
temperatures during this particular period can have 
a large influence upon young stages of salmonid 
fishes. It would be possible, theoretically, to raise 
the temperature of winter releases by conservin 
heat in the reservoir by taking summer draw-o 
entirely from the hypolimnion. However, the 
amount of benefit obtained would need careful 
quantification for each individual reservoir and 
would have to be balanced against any harmful 
effects arising from low summer release tempera- 
tures. (See also W89-01736) (Lantz-PTT) 
W89-01747 


INSTREAM TEMPERATURE MODELING 
AND FISH IMPACT ASSESSMENT FOR A 





PROPOSED LARGE SCALE ALASKA HYDRO- 
ELECTRIC PR ° 
Alaska Univ., Anchorage. Marine Advisory Pro- 


ram. 

W J. Wilson, M. D. Kelly, and P. R. Meyer. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 183-206, 11 fig, 4 
tab, 50 ref. 


Descriptors: *Water temperature, *Hydroelectric 
plants, *Fish, *Ecological effects, Alaska, Thermal 
pollution, Model studies, Susitna River, Salmon. 


The State of Alaska is proposing to construct a 
two dam, 1620 megawatt hydroelectric project 
(U.S. Federal Energy Regulatory Commission N. 
7114) on the Susitna River approximately 190 km 
NNE of Anchorage. A study is underway to deter- 
mine the effects this project may have on the 
indigenous aquatic resources of the Susitna drain- 
age. Reported on here are the studies of the ex- 
pected alteration of the instream temperature 
regime of the Susitna River. Twenty species of fish 
are known to inhabit the Susitna basin. This study 
focuses on the most numerous and economically 
valuable Pacific salmon species, approximately two 
million of which annually enter this river to spawn. 
Analysis of expected effects on salmon from al- 
tered water temperatures due to operation of the 
Susitna Hydroelectric Project is based on a com- 
parison of available predictions from the Stream 
Network Temperature Simulation Model 
(SNTEMP) model with fish thermal tolerance cri- 
teria. Based on the SNTEMP model results, 
salmon thermal tolerance criteria, Susitna stock life 
history information, and professional judgement, 
the authors conclude that no direct mortality is 
anticipated to occur from with-project tempera- 
tures, athough unquantifiable, indirect mortality to 
some species may occur. (See also W89-01736) 
(Lantz-PTT) 
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HYDROPOWER DEVELOPMENT 
SALMON RIVERS: EFFECT OF CHANGES IN 
WATER TEMPERATURE ON GROWTH OF 
BROWN TROUT (SALMO TRUTTA) PRES- 
MOLTS, 
Direktoratet for Vilt og Ferskvannsfisk, Trond- 
heim (Norway). 

J. Jensen. 
IN: Regulated Streams: Advances in Ecology. 
Soyer _ New York, 1987. p 207-218, 6 fig, 2 
tab, 16 ref. 


Descriptors: *Ecological effects, *Water tempera- 
ture, *Trout, *Rivers, *Hydroelectric _— 
Norway, Reservoirs, Model studies, Seasonal vari- 
ation, Salmon, Fish. 


Several salmon rivers in Norway have been regu- 
lated for hydroelectric purposes. Large reservoirs 
are often established in the mountains, and power 
plants discharge into salmon bearing parts of a 
river resulting in lower water temperatures in 
summer and higher water temperatures in winter. 
A model describing the growth rates of brown 
trout (Salmo trutta) at different temperatures when 
fed on maximum rations and on reduced rations 
has previously been constructed. This model has 
been tested on parr of eleven Norwegian sea trout 
populations in the present paper, based on these 
results the model has been adjusted to fit actual 
growth in these rivers. Hydropower regulation in 
the River Orkla, in central Norway was completed 
in 1983. The effect of regulation on river tempera- 
ture has been predicted, and, based on these, the 
present growth model was used to predict the 
corresponding effect on growth of parr of the sea 
trout Topulation ion. Both a igh, ng ye in he wo 
and a lower peak flow in sp nag — 
improve nutrient conditions for Higher wi 
temperature results in earlier eggs hatching than 
rior to regulation, hence, the growth season for 
ry will be prolonged. Both of these factors are 
responsible for a lower growth reduction than 
redicted from river temperature alone. Density of 
ish, and the competition between trout and Atlan- 
tic salmon may also change after regulation be- 
cause of altered flow. Hence, the present method is 
not expected to illustrate the precise magnitude of 
growth change, but handles one of the most impor- 
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tant of several parameters which influence growth. 
— X- es in nutrient conditions or other 
fac considered separately. (See also 
W89.01736) (Lantz PTT) 
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TIME-SCALES FOR ECOLOGICAL CHANGE 
IN REGULATED RIVERS, 

Loughborough Univ. of Technology (England). 
Dept. of Geography. 

For primary bibliographic entry see Field 2E. 
W89-01753 


EFFECTS OF SHORT-TERM REGULATION 
BY POWER PLANTS ON EROSION AND 
WATER QUALITY OF A RIVE! 

= Teknillinen Tutkimuskeskus, Espoo (Fin- 
land). 

E. Alasaarela, and M. Virtanen. 

IN: Regulated Streams: Advances in Ecology. 
Plenum _— New York, 1987. p 277-287, 8 fig, 1 
tab, 8 re 


Descriptors: *Regulated flow, 
pianis, *Erosion, *Rivers, Water quality, Turbidi- 
ty, Flow velocity, Suspended solids, Ecological 
effects, Water resources development, Model stud- 
ies. 


*Hydroelectric 


Downstream of power plants with short-term reg- 
ulation, the flow velocities are higher than in natu- 
ral streams and there are large peaks of discharge 
during each day. This results in bank erosion 
which leads to variation of the suspended solids 
concentration and of turbidity. This and the ero- 
sion of the riverbed are the main disadvantages of 
short-term regulation. These problems are most 
obvious in summer. Since the economic signifi- 
cance of short-term regulation is most marked in 
winter, the need for summertime regulation should 
be considered separately in each case. The dis- 
charge of the diurnal quantity of water in several 
periods instead of one diminishes the erosion of the 
riverbed. As the erosion is most rapid during rising 
water level, the increase of suspended solids in the 
river water could be reduced by using lower rates 
of change of discharge. Moreover, the variations 
of water level can be reduced or shifted to suitable 
areas by means of bottom dams. Stone embank- 
ments and plantations can be used to prevent bank 
erosion. The effects of new projects can be predict- 
ed and their disadvantages minimized by means of 
the unsteady flow model and the model of sedi- 
ment interaction controlled by short-term regula- 
tion.  - also W89-01736) (Lantz-PTT) 
W89-01755 


PHOSPHORUS SPIRALLING IN RIVERS AND 
RIVER-RESERVOIR SYSTEMS: IMPLICA- 
TIONS OF A MODEL, 

Academy of Natural Sciences of Philadelphia, 
Avondale, PA. Stroud Water Research Center. 
For primary bibliographic entry see Field 2H. 
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WATER TEMPERATURE CONTROL AND 
AREAL OXYGEN CONSUMPTION RATES AT 
A NEW RESERVOIR, AND THE EFFECTS ON 
THE RELEASE WATERS, 

Army Engineer District, Portland, OR. 

For primary bibliographic entry see Field 2H. 
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Water resources development, China, Fish, Eco- 
systems, Foods, Spawning, Ecosystems. 


In China there is an abundance of water in the 
south, the main sources being the Changjiang 
(Yangtze) River and its tributaries, while in the 
north, where the main supply is the Huan; 
(Yellow) River, there is a po Me of water. The 
average annual rainfall throughout south China is 
more than 1000 mm while in the north it is only 
500-600 mm. The Changjiang River Basin and 
areas to the south receive 75% of the country’s 
total surface runoff, while the Huanghe Basin and 
areas to the northwest receive only 8%. The 
Changjiang River has an annual flow of close to 
100 times 10 to the 10th power cu m/yr, while the 
Huanghe River which is almost the same length, 
has an annual flow of less than 5 times 10 to the 
10th power cu m. This disparity in water distribu- 
tion indicates the need for eventual transfer of 
water from south to north. The influx of diversion 
water into lakes will dilute existing nutrient con- 
centrations and reduce water temperatures thereby 
resulting in a decrease in planktonic and mollusk 
biomass. Assuming a diversion flow rate of 800 cu 
m/sec, the flushing rate of the 253,000 ha Hongze 
Lake would be reduced to 55 days. As 4 result: (1) 
the food supply of herbivorous fish, such as grass 
carp, bream and filter feeders such as the silver 
carp and bighead, will be greatly reduced; (2) 
spawning conditions for fish that lay adhesive eggs 
on aquatic macrophytes will be adversely affected; 
(3) conditions for small pelagic fish will improve; 
and (4) the reduction of mollusk populations in 
several lakes would have serious consequences. 
(See also W89-01736) (Lantz-PTT) 
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CHEMICAL AND BIOLOGICAL CHANGES IN 
THE TER RIVER INDUCED BY A SERIES OF 
RESERVOIRS, 

Barcelona Univ. (Spain). Dept. de Ecologia. 

M. A. Puig, J. Armengol, G. Gonzalez, J. 
Penuelas, and S. Sabater. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 373-382, 8 fig, 4 
tab, 10 ref. 
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The climatological and topographical characteris- 
tics of the Iberian peninsula have made the con- 
struction of reservoirs a necessity. Thus, more than 
700 reservoirs have been constructed since the 
beginning of the century, one hundred of which 
have been the — of intensive study. The inter- 
action between the effects produced by the pollu- 
tion above the reservoirs (station 22) and the eco- 
logical discontinuities caused by the reservoirs 
themselves resulted in effects which balanced one 
another. This compensation was very clear in the 
case of nutrients, where more than 81% of the 
phosphorus and nitrogen entering the reservoirs 
was retained. This resulted in the occurrence of 
similar nutrient concentrations in both stations 
below the reservoirs and in unpolluted stations 
above the reservoirs. Distinct biological communi- 
ties were observed above and below the reservoirs. 
This situation was facilitated by the presence of a 
dispersion barrier (i.e., the dam). In the River Ter, 
there was no observable decrease in macroinverte- 
brate diversity below the reservoirs. The authors 
believe that this was a result of the lack of thermal 
stress as well as the presence of high substrate 
diversity below the reservoirs. (See also W89- 
01736) (Lantz-PTT) 
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RESPONSES OF EPILITHIC ALGAE TO REG- 
ULATION OF ROCKY MOUNTAIN STREAMS, 
Colorado State Univ., Fort Collins. Dept. of 
Botany and Plant Pathology. 
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The effects of deep-release reservoirs on the phy- 
tobenthos in this study are similar to those report- 
ed for other localities. Algal biomass was dramati- 
cally higher, filamentous green algae formed dense 
mats and eutrophic taxa became more prevalent in 
the flora below the impoundments. The flora of 
reference and regulated sites of the surface-release 
reservoirs were similar in species composition. 
However, the algal biomass was significantly 
higher at the regulated sites. The increase in algal 
biomass below the deep-release reservoirs was be- 
lieved to be caused by increased nutrient loading as 
well as high water clarity, relatively stable flow 
and water temperatures which favor cold-stenoth- 
erms, yet prevent ice formation. (See also W89- 
01736) (Lantz-PTT) 
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ECOLOGY OF REGULATED STREAMS: PAST 
ACCOMPLISHMENTS AND _ DIRECTIONS 
FOR FUTURE RESEARCH, 

Colorado State Univ., Fort Collins. Dept. of Zool- 
ogy and Entomology. 

J. V. Ward, and J. A. Stanford. 

IN: Regulated Streams: Advances in Ecology. 
Plenum Press, New York, 1987. p 391-409, 3 fig, 1 
tab, 86 ref. 


Descriptors: *Ecological effects, *Regulated flow, 
*Streams, Dams, Reservoirs, Ecosystems, Stream 
flow. 


The control of stream discharge by man made has 
been practiced for millennia, yet recognition of the 
often dramatic ecological changes in downstream 
lotic reaches has been slow. Until quite recently 
most research focused on the lentic water body 
behind the dam, despite the fact that virtually all of 
the world’s river systems are regulated by dams. 
Reviews dealing with ecological effects of im- 
poundment, although otherwise comprehensive, 
often give only cursory and general consideration 
to the receiving stream environment. The principal 
theme of this paper is that stream ecologists should 
strive toward a more holistic perspective of regu- 
lated streams should be integrated with stream 
ecosystem concepts and placed within the context 
of modern ecological theory. Regulated rivers are 
four-dimensional systems according to this view- 
point. The lateral dimension extends beyond the 
shoreline and considers the stream channel as but a 
part of the greater landscape. The longitudinal 
dimension extends from the headwaters to the estu- 
ary and marginal seas. Vertically the stream is 
viewed as an integral part of the groundwater 
system. The fourth dimension, time, provides the 
—_ framework. (See also W89-01736) (Lantz- 
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WILDLIFE PROTECTION, MITIGATION, AND 
ENHANCEMENT PLAN, PALISADES 
PROJECT, 

Idaho Dept. of Fish and Game, Boise. 

For primary bibliographic entry see Field 5G. 
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HOHOKAM SETTLEMENT ALONG THE 
SLOPES OF THE PICACHO MOUNTAINS, 
— 2, PART 1 - THE BRADY WASH 


Museum of Northern Arizona Research Paper 35, 
Volume 2, Part 1, 1988. 424p, 53 fig, 115 tab, 18 
plates, 98 ref. Bureau of Reclamation Contract 3- 
CS-30-00790. 


Descriptors: ‘*Archaeology, *Environmental 
impact, *Arizona, Aqueducts, Water resources de- 
velopment. 


This volume (Part 1 of 2 parts) documents the 
excavation and testing by the Museum of Northern 
Arizona of 92 structures, a platform mound, and 


numerous other features at 15 loci of the Brady 
Wash site and six small sites in Reach 1 of the 
Tucson Aqueduct Project, Phase A. These sites 
are a major segment of the Brady Wash Complex, 
a Hohokam community that inhabited the flood- 
plain below the northwest slopes of the Picacho 
Mountains. These investigations provide detailed 
insight into long-term Hohokam adaptation to a 
marginal, nonriverine environment. (See also W89- 
01782) (Author’s abstract) 
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HOHOKAM SETTLEMENT ALONG THE 
SLOPES OF THE PICACHO MOUNTAINS. 
VOLUME 2, PART 2 - THE BRADY WASH 
SITES. 

Museum of Northern Arizona Research Paper 35, 
Volume 2, Part 2, 1988. 476 p, 96 fig, 234 tab, 31 
plates, 102 ref, 3 append. Bureau of Reclamation 
Contract 3-CS-30-00790. 


Descriptors: *Archaeology, *Environmental 
impact, *Arizona, Aqueducts, Water resources de- 
velopment. 


This volume (Part 2 of 2 parts) documents the 
excavation and testing by the Museum of Northern 
Arizona of 92 structures, a platform mound, and 
numerous other features at 15 loci of the Brady 
Wash site and six small sites in Reach 1 of the 
Tucson Aqueduct Project, Phase A. These sites 
are a major segment of the Brady Wash Complex, 
a Hohokam community that inhabited the flood- 
plain below the northwest slopes of the Picacho 
Mountains. These investigations provide detailed 
insight into long-term Hohokam adaptation to a 
marginal, nonriverine environment. (See also W89- 
01781) (Author’s abstract) 
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HOHOKAM SETTLEMENT ALONG THE 
SLOPES OF THE PICACHO MOUNTAINS. 
VOLUME 5: ENVIRONMENT AND SUBSIST- 
ENCE, 

Museum of Northern Arizona, Inc., Flagstaff. 
Dept. of Anthropology. 

D. E. Weaver, R. E. Gasser, and J. Gish. 

Available from the National Technical Information 
Service, Springfield, VA. 22161. Museum of 
Northern Arizona Research Paper 35, Volume 5, 
1988. 310p, 13 fig, 93 tab, 1 plate, 201 ref, append. 
Bureau of Reclamation Contract 3-CS-30-00790. 


Descriptors: *Hohokam Indians, *Archaeology, 
*Water resources development, *Social aspects, 
*Environmental impact, Tucson aqueduct, Histo- 
ry, Surveys. 


This is the fifth volume in a six volume series 
presenting the results of archaeological studies at 
Hohokam sites along the Tucson Aqueduct. The 
volume focuses on pollen, flotation and faunal 
studies in an effort to understand the paleoenviron- 
ment of the study area during the periods the sites 
were occupied and the subsistence strategies of the 
sites’ occupants. Primary site-specific emphasis is 
on determining feature functions as they relate to 
biological results. The studies presented document 
considerable variation in Hohokam subsistence pat- 
terns within a relatively small region. While the 
occupants of the Brady Wash area sites relied on 
corn and agave, the Hohokam in the Picacho area 
sites relied primarily on Cheno-ams, mesquite, 
agave and hunted wild animals. The summary 
statements on paleoenvironment and subsistence 
deal with methodological problems in an effort to 
suggest improvements in specialist studies in Hoho- 
kam archaeology. (Author's abstract) 
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ZONA: PHOTOGRAPHS; WRITTEN HISTORI- 
CAL AND DESCRIPTIVE DATA, REDUCED 
COPIES OF DRAWINGS, 

National Park Service, San Francisco, CA. Histor- 
ic American Building Survey. 

For primary bibliographic entry see Field 8A. 
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DETrROIT RIVER, MICHIGAN: AN ECOLOGI- 
CAL PROFILE, 

Fish and Wildlife Service, Ann Arbor, MI. Great 
Lakes Fishery Lab. 

For primary bibliographic entry see Field 2H. 
W89-01806 


RECOMMENDED BIOLOGICAL INDICES 
FOR 301(H) MONITORING PROGRAMS, 
Environmental Protection Agency, Washington, 
DC. Office of Marine and Estuarine Protection. 
For primary bibliographic entry see Field 7B. 
W89-01812 


COMPUTER MODELS IN ENVIRONMENTAL 
PLANNING, 

Ohio State Univ., Columbus. Dept. of City and 
Regional Planning. 

For primary bibliographic entry see Field 6A. 
W89-01823 


AQUATIC BIOLOGY AND HYDROELECTRIC 
POWER DEVELOPMENT IN NEW ZEALAND. 
Oxford University Press, New York. 1987. 280p. 
Edited by P. R. Henriques. 


Descriptors: *Environmental effects, *Aquatic en- 
vironment, *Water resources development, *Envi- 
ronmental impact, *New Zealand, *Hydroelectric 
Power, Powerplants, Legal aspects, Management 
planning, Wetlands, Ecosystems, Fish, Birds, Ma- 
crophytes, Invertebrates, Aquatic plant control. 


This book attempts to summarize the current 
knowledge of hydroelectric power development as 
it relates to aquatic biology in New Zealand, in 
order to facilitate the design of environmental 
impact studies, and to further develop mitigatin 
measures for those species already adversely af- 
fected by hydroelectric power development. In 
addition, it demonstrates the progress that has been 
made to date in predicting, assessing, and amelio- 
rating problems related to aquatic biology and 
hydroelectric power development. The first sec- 
tion of the book describes the country’s hydroelec- 
tric resources and their utilization. The second 
section discusses the legal and planning framework 
associated with hydroelectric power development 
and the environment, including the assessment of 
environment impact, water rights, the protection 
of wild and scenic rivers, and the activities of the 
Nature Conservation Council. The third section of 
the book deals with management techniques, in- 
cluding flow control, control of aquatic weeds, 
methods of improving fish populations, and of 
dealing with wetland birds. The final section dis- 
cusses envir¢ tal investigations for future hy- 
droelectric power development, especially the 
likely impact of future developments on phyto- 
plankton, periphyton, aquatic macrophytes, inver- 
tebrates, fish and wetland birds. (See W89-01872 
thru W89-01891) (Lantz-PTT) 
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STATE (LARGE-SCALE) 
RESOURCES, 

Ministry of Works and Development, Wellington 
(New Zealand). 

For primary bibliographic entry see Field 6A. 
W89-01872 


HYDROELECTRIC 


LOCAL (SMALL-SCALE) HYDROELECTRIC 
RESOURCES, 

Ministry of Works and Development, Wellington 
(New Zealand). 

For primary bibliographic entry see Field 6A. 
W89-01873 


ENVIRONMENTAL IMPACT ASSESSMENT, 
Ministry of Works and Development, Wellington 
(New Zealand). 

A. J. Voice. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 28-39, 2 fig, 1 tab, 12 ref. 





Descriptors: *Water resources development, *En- 
vironmental effects, *New Zealand, *Environmen- 
tal impact, Public participation, Public policy, 
Economic aspects, Social aspects, Case studies, 
Resources development, Community development. 


Under the provisions of the Environmental Protec- 
tion and Enhancement Procedures all new policies 
and projects are required to undergo environmen- 
tal impact assessment if they are initiated, funded 
or come under the control or responsibility of a 
government department. The procedure used to 
assess and document the environmental impacts of 
a particular proposal depends on the expected sig- 
nificance of the impacts and the degree of public 
interest. The choice of procedure is made in the 
light of preliminary studies and consultation with 
interested parties. If environmental impacts or 
public concern are expected to be significant an 
Environmental Impact Report is usually required 
and this is independently reviewed by the Commis- 
sion for the Environment. If impacts and public 
concern are expected to be slight then a less formal 
Environmental Impact Assessment document is 
prepared and reviewed by the responsible govern- 
ment department. An important aspect of environ- 
mental impact assessment is the involvement of the 
public. Ideally, public participation is not confined 
to making submissions on a document but entails 
the involvement of the affected community 
throughout the whore planning and implementa- 
tion period. If a community is going to be seriously 
affected, an in-depth social impact assessment 
should be carried out. Social impact assessment ‘is 
an attempt to predict the future effects of policy 
decisions (including the initiation of specific 
projects) upon people; their physical and psycho- 
logical health, well-being and welfare, their tradi- 
tions, lifestyles, institutions and inter-personal rela- 
tionships’. The process of environmental impact 
assessment is intended to assist decision-makers to 
take into account all the advantages and disadvan- 
tages of their choices. A case study, the Patea 
Hydro-Scheme, New Zealand, is cited. The Patea 
hydro-scheme environmental impact assessment il- 
lustrates how the formal assessment procedures, if 
properly applied, can assist in project planning. 
The early and continuing release of information to 
the public allayed their concerns and encouraged 
their support. Environmental issues were identified 
and considered at an early stage, enabling modifi- 
cations to be made to the scheme plan before 
construction began, thus saving time and expense 
in the long run. (See also W89-01871) (Lantz-PTT) 
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MEASURES TO BENEFIT WETLAND BIRDS, 
Ministry of Agriculture and Fisheries, Dunedin 
(New Zealand). 

For primary bibliographic entry see Field 2H. 
W89-01885 


PREDICTION OF PHYTOPLANKTON ABUN- 
= AND ITS EFFECT ON WATER QUAL- 
Ministry of Works and Development, Hamilton 
(New Zealand). Water Quality Centre. 

For primary bibliographic entry see Field 2H. 
W89-01886 


PERIPHYTON, 

Ministry of Works and Development, 
church (New Zealand). Hydrology Centre. 
For primary bibliographic entry see Field 2H. 
W89-01887 


Christ- 


AQUATIC MACROPHYTES, 

Ministry of Energy, Dunedin (New Zealand). 
Electricity Div. 

P. R. Henriques. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 207-222, 2 fig, 1 tab, 40 
ref. 


Descriptors: *Macrophytes, *Aquatic environ- 
ment, *New Zealand, *Ecological effects, *Aquat- 
ic plants, Environmental effects, Hydroelectric 
plants, Aquatic weeds, Conservation, Reservoirs. 
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Predicting the effect of hydroelectric power devel- 
opment on freshwater macrophytes is a relatively 
new discipline in New Zealand. While recognizing 
that macrophytes were ecologically significant, the 
first reports tended to emphasize the potential 
problems that noxious species pose when a river 
environment is turned into a hydroelectric reser- 
voir (hydro-lake). More recent studies on the 
Lower Waitaki River, have expanded in scope to 
include also a consideration of whether rare ma- 
crophyte species or habitat will be affected. This 
chapter lists the beneficial aspects of the macro- 
phytes, describes the nuisance value certain species 
pose, discusses aspects related to the conservation 
of macrophyte species and habitats, and finally 
presents three case studies to serve as examples of 
pre-impoundment macrophyte investigations car- 
ried out in New Zealand. (See also W89-01871) 
(Lantz-PTT) 

W89-01888 


INVERTEBRATES, 

Canterbury Univ., Christchurch (New Zealand). 
Dept. of Zoology. 

M. J. Winterbourn. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 223-236, 2 tab, 61 ref. 


Descriptors: *Invertebrates, *Ecological effects, 
*New Zealand, *Aquatic environment, *Reser- 
voirs, *Aquatic animals, Hydroelectric plants, En- 
vironmental effects, Water resources development, 
Plankton, Benthic organisms, Rivers, Dams. 


Impoundments bring about changes in water qual- 
ity due to storage, they provide barriers to the 
migration of fish, and of particular interest to 
stream ecologists, they result in changes in flow 
regime. Biological studies associated with hydro- 
electric schemes in New Zealand have dealt princi- 
pally with the phytoplankton and submerged ma- 
crophyte communities of the Waikato River 
system. The aim of this chapter is to outline the 
effects of river impoundment on the aquatic inver- 
tebrate fauna with particular reference to New 
Zealand. The planktonic, benthic and marginal 
zone communities of impoundments are discussed 
along with the benthos of regulated rivers below 
dams. (See also W89-01871) (Lantz-PTT) 
W89-01889 


WETLAND BIRDS, 

Ministry of Agriculture and Fisheries, Christ- 
church (New Zealand). 

For primary bibliographic entry see Field 2H. 
W89-01891 


SYSTEMS ECOLOGY AND ENVIRONMEN- 
TAL LAW: DO THEY SPEAK THE SAME LAN- 
GUAGE, 

Envirosphere Co., Bellevue, WA. 


For primary bibliographic entry see Field 6E. 
W89-01895 


PHENOMENOLOGICAL PERSPECTIVE OF 
ECOLOGICAL DEVELOPMENT, 
— Univ., Solomons. Chesapeake Biological 


For primary bibliographic entry see Field SC. 
W89-01898 


ENVIRONMENTAL CONDITIONS 
WATER RESOURCES PROJECTS, 

E. O. Gangstad, and C. G. Ash. 

IN: Environmental Management of Water 
Projects. CRC Press, Inc., Boca Raton, FL. 1987. 
p 3-25, 5 fig, 18 ref. 


FOR 


Descriptors: *Environmental protection, *Legisla- 
tion, *Water resources development, *National 
Environmental Policy Act, Water pollution con- 
trol, Construction, Regulations. 


National policy requires that federal agencies act 
to include in their construction projects measures 
to enhance and preserve the natural environment. 
Specification provisions controlling contractor ac- 


tivities have been effective in minimizing air, 
water, and noise problems associated with con- 
struction activities. Design and construction of 
structures of all kinds have incorporated measures 
which provide for environmental quality and pro- 
tection. A guiding principle has been to incorpo- 
rate aesthetics in terms of the general public. This 
chapter covers general reference to the National 
Environmental Policy Act of 1960 (NEPA) of the 
ways environmental quality is ensured by the 
Bureau of Reclamation and the Corps of Engi- 
neers. (See also W89-01990) (Author’s abstract) 
W89-01991 


HISTORIC ROLE OF A LARGE LAKE IN 
JAPAN - THE CASE OF LAKE BIWA, 

Kyoto Univ., Otsu (Japan). Otsu Hydrobiological 
Station. 

K. Tatuo. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 31-46, 11 fig, 1 tab. 


Descriptors: *Social aspects, *History, *Archaeol- 
ogy, *Lake Biwa, *Japan, Navigation, Urban 
areas, Water resources development, Hydroelec- 
tric power, Water quality control, Regulations, 
Water management. 


Lake Biwa is the only inland water body in Japan 
that deserves the name of a ‘large lake’ Located 
close to the oldest capitals and big cities such as 
Nara, Kyoto and Osaka, it has played a significant 
role throughout Japan’s history. The main func- 
tions of rivers and lakes for pre-modern societies 
were to supply fishery products and serve as inland 
traffic routes. In a country like Japan where rivers 
are short and mostly torrential, lakes were particu- 
larly important as highways for boat transportation 
and traffic. With the urban growth of Kyoto more 
and more ports became available on the lake shores 
for trans-lake traffic. Starting in 1867 initiatives in 
civil engineering were taken by a pioneering at- 
tempt to utilize Lake Biwa’s water resource. The 
potential value of Lake Biwa as a large water 
resource was recognized. At the request of the 
governor of Kyoto Prefecture, Tanabe-Sakuo de- 
signed and supervised the construction of a canal 
that conducts water from Lake Biwa to Kyoto 
city. The Lake Biwa Canal was completed in 1890. 
Originally, the canal was a multi-purpose canal. It 
was intended to serve as a source of water for 
domestic use, irrigation, replenishing urban streams 
for hydroelectric power generation and transporta- 
tion by boats. A hydroelectric plant started oper- 
ation in Kyoto in 1981. To cover increasing 
demand, a new water resource development 
project, called the Lake Biwa Comprehensive De- 
velopment Project, was initiated in 1972. It is 
expected to continue until 1991. The objective is to 
increase the rate of lake water outflow at the Seta 
Barrage by 40 cu m/sec over the present rate. (See 
also W89-02176) (Lantz-PTT) 

W89-02178 


INDUSTRIAL SITING IN A DEVELOPING 
COUNTRY THE CASE OF ARGENTINA - ITS 
CONTEXT - THE ENVIRONMENTAL DIMEN- 
SION, HAZARDOUS WASTE AND LARGE 
LAKES, 

Indiana Univ. at Bloomington. 

P. Tarak. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 119-135, 24 ref. 


Descriptors: *Industrial plants, *Developing na- 
tions, *Argentina, *Site selection, *Water pollution 
prevention, Case studies, Environmental protec- 
tion. 


The context within which an industrial siting proc- 
ess takes place in most developing countries is 
characterized by the lack of environmental legal 
constraints. Industrial siting becomes exclusively 
an administrative process where environmental as- 
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pects stay mostly under the discretional spheres of 
the officers in charge of the permit granting proc- 
ess. These officers are governed by the internal 
regulations of the Administration. Moreover, and 
very often, environmental concerns are neutralized 
by not only economic and social benefits of the 
projects, but also by behavioral patterns of soci- 
eties and its bureaucracies that allow corruptive 
practices such as bribery, personal and political 
favoritisms and authoritarian threats to succeed. 
The different systems under which industrial siting 
can take place, the kind of policies that should be 
promoted to avoid imitating the developing 


world’s political-historical evolution and the vari- 
ous mechanisms available which can be used to 
introduce direct public involvement during indus- 
trial siting processes are described. Finally, a case 
study is analyzed regarding the design of a new 
‘Technological Park’ in the area of Lake Nahuel 
Huapi, Argentina. (See also W89-02176) (Lantz- 
PTT 
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IMPACT OF LAKE CHANGSHOU ON THE 
ENVIRONMENT, 
Chengdu Univ. 
(China). 

W. Zhao, and Z. Zhu. 

IN: Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sustain- 
able Development. Lewis Publishers, Chelsea, 
Michigan, 1988. p 287-303, 1 tab. 


of Science and Technology 


Descriptors: *Ecological effects, *Water resources 
development, *Lake Changshou, *China, Fish, Ir- 
rigation, Water supply, Navigation, Public health, 
Waterfowl, Environmental effects, Social aspects. 


Lake Changshou is a reservoir constructed in 1957 
in Sichuan Province of the Longxi River, a tribu- 
tary to the Changjiang (Yangtze). It has a surface 
area of 65 sq km and a volume of 1.027 billion cu 
m. The main goal in construction of the reservoir 
was electrical power generation (total capacity: 
104.5 thousand kW). Construction of the reservoir 
also provided significant benefits to irrigation and 
navigation. Malarial incidence in the lake region 
has decreased since the reservoir was filled. Dis- 
placement of population and loss of arable land 
were the main problems encountered after lake 
construction. Changes in herbaceous and piscine 
life after filling are discussed in detail. Improve- 
ments in waterfowl population are briefly noted. 
Toxic contamination is not serious, and water qual- 
ity in the lake is basically good. There is some 
tendency towards nitrogen eutrophication. Al- 
though studies performed after filling indicate that 
the effects of reservoir construction are beneficial, 
they also indicate that records for the period prior 
to construction are less complete than could be 
wished. For fuller quantification of benefits and 
environmental impact, it is suggested that more 
extensive investigations be carried out before dam 
construction. (See also W89-02176) (Author’s ab- 
stract) 
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INSTALLATION OF HYDROCARBON DETEC- 
TION WELLS AND VOLUMETRIC CALCULA- 
TIONS WITHIN A CONFINED AQUIFER: A 
CASE STUDY, 

Engineering Enterprises, Inc., Norman, OK. 

M. L. Trimmell. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cais in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 255-269, 8 fig, 3 tab. 


Descriptors: *Monitoring, *Confined aquifers, *Oil 
recovery, *Test wells, *Path of pollutants, *Pollut- 
ant identification, Boreholes, Oil spills, Hydrocar- 
bons, Rotary drilling, Mathematical studies, Oil- 
water interfaces. 


Two case studies involving the installation of hy- 
drocarbon detection wells and related hydrocar- 
bon volumetric calculations and considerations for 
confined aquifers are presented. The installation of 
hydrocarbon detection wells routinely requires at- 
tentive observations of return cuttings or core sam- 
pling from the associated borehoies. Confined con- 
ditions increase the importance of professional well 
logging procedures. Depending on the drilling 
method used, the depth at which floating hydro- 
carbons are encountered can be quite difficult to 
determine. Rotary drilling does not provide an 
immediate opportunity to measure the confining 
aquifer pressure. The drilling fluid used, normally 
displaces any confined hydrocarbons that would 
otherwise tend to rise following penetration of the 
confining layer. Subsequent well development re- 
moves any fluid volumes introduced during drill- 
ing and will then allow measurement of the hydro- 
carbon and water levels from which the potentio- 
metric surface can be determined. Once the confin- 
ing layer is penetrated using a hollow-stem auger, 
the hydrostatic head immediately forces the float- 
ing hydrocarbons upward within the borehole. 
The potentiometric fluid elevation can then be 
determined after correcting for the measured 
thickness of hydrocarbons on the water surface. 
There are different considerations which have to 
be given to volumetric calculations when investi- 
gating a confined aquifer. Under confined condi- 
tions, there is not a capillary fringe to correct for, 
but there is a hydrostatic head to consider. Once 
the confining layer is penetrated during drilling, 
the confining pressure forces fluid upward within 
the borehole. The hydrocarbons, having a lower 
density, quickly rise within the borehole. Thus, the 
measured thickness of hydrocarbons in the bore- 
hole is mostly a function of the hydrostatic head 
and not the actual thickness for the zone of satura- 
tion. A case study is presented that explains the 
necessary corrections. (See also W89-01530) (Au- 
thor’s abstract) 

W89-01545 


GROUND WATER MONITORING EXPERI- 
pea AT A REFINERY LAND TREATMENT 
IT, 

Total Petroleum, Inc., Ardmore, OK. 

P. E. Binkley. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 271-278, 4 fig, 1 tab, 1 ref. 


Descriptors: *Test wells, *Groundwater pollution, 
*Geohydrology, *Monitoring, *Oil spills, Permits, 
Path of pollutants, Water pollution prevention, 
Water pollution control, Drilling, Oklahoma, Land 
disposal. 


Total Petroleum, Inc. operates a land treatment 
unit at its Ardmore, Oklahoma, refinery for dispos- 
al of API separator sludge and slop oil emulsion 
solids. During the Part B permit application inves- 
tigation, it became apparent that the geohydrology 
as described in the Part A submission was incor- 
rect. The complete geohydrology was not defined 
at the submission of the Part B permit application. 
After permit review by Oklahoma State Depart- 
ment of Health (OSDH), Total initiated a detailed 
drilling program to obtain core samples to ade- 
quately describe the geohydrology. Cores were 
drilled to 150 feet on two sides of the site. The 
geohydrology was found to be very complex. 
There are five formations under the site dipping to 
the Northeast and striking to the Southeast. To 
adequately monitor the site, Total installed wells in 
four of the formations. There are four background 
wells and eleven downgradient wells. Total was 
asked to install Teflon or stainless steel wells as 
stated in the TEGD. A compromise was reached 
with OSDH and two Teflon wells were installed 
next to two PVC wells to prove the suitability of 
PVC wells. Since a new monitoring system was 
installed, Total had to re-establish the first year’s 
four quarters of background data, but in six 
months. To carry all of the equipment needed to 
sample fifteen wells with dedicated bailers a trailer 
was built. Use of the trailer has made the sample 
round easier. (See also W89-01530) (Author’s ab- 
stract) 


W89-01546 


DETECTION AND DELINEATION OF A FUEL 
OIL PLUME IN A LAYERED BEDROCK DE- 
POSIT, 

TRC Environmental Consultants, Inc., Engle- 
wood, CO. 

D. J. Folkes, M. S. Bergman, and W. E. Herst. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 279-304, 12 fig, 2 tab, 7 ref. 


Descriptors: *Groundwater pollution, *Plumes, 
*Oily water, *Bedrock, *Path of pollutants, Hy- 
drocarbons, Geohydrology, Boreholes, Colorado. 


An investigation is being conducted of a fuel oil 
plume in south-central Colorado. The fuel oil 
plume is in thinly bedded claystone, siltstone and 
sandstone of the Pierre Shale Formation. The 
highly anisotropic properties of the bedrock affect 
vertical and horizontal distribution of the free 
product plume, and the techniques required for 
timely detection and delineation of the plume. 
Product was not detected in wells installed in the 
plume for several days, although up to 1.5 ft. of 
product was eventually measured in the wells. 
Perched product zones in the layered claystone 
may account for the well behavior. Because of 
slow product appearance in wells, hydrocarbon 
vapor analyses were found to be the most expedi- 
ent method of plume detection and delineation. 
However, because of the low vertical permeability 
of the claystone, boreholes within 2 ft. vertically of 
the product zone did not allow detection of hydro- 
carbon vapors which were as high as 1500 ppm 
(measured as propane) in the vapor phase of the 
product zone. In contrast, vapors diffused readily 
in the horizontal direction, allowing contouring of 
the vapor concentrations and approximate delinea- 
tion of the plume. The anisotropic permeability of 
the claystone deposit and bedrock structure ap- 
pears to result in other phenomena which affect 
plume migration and detection, including exagger- 
ated product thicknesses in wells, variable plume 
width and thickness, and sinuous migration path- 
ways. (See also W89-01530) (Author’s abstract) 
W89-01547 


AQUATIC MONITORING: A RATIONALE FOR 
OBTAINING AND INTERPRETING AQUATIC 
ECOSYSTEM CHEMICAL EXPOSURE DATA, 
Monsanto Co., St. Louis, MO. 

W. J. Adams, T. J. Hoogheem, and P. R. Michael. 
IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 3-21, 2 fig, 8 
tab, 36 ref. 


Descriptors: *Network design, *Sampling, *Toxic- 
ity, *Monitoring, *Ecological effects, *Industrial 
wastes, Aquatic animals, Lake sediments, Fluvial 
sediments, Project planning, Trout, Daphnia, Crus- 
taceans, Fathead minnows, Data interpretation. 


Experience obtained through three years of nation- 
al aquatic monitoring indicates that chemical moni- 
toring programs need to include the following 
basic components: (1) a rationale for site selection; 
(2) a logical set of criteria for selection of sample 
types - that is, water, sediment or biota - based 
upon the physical-chemical and toxicological prop- 
erties of the chemical of interest; (3) an appropriate 
cost-effective statistical design; (4) a team with a 
demonstrated capability for obtaining uncontamin- 
ated samples; (5) a top-notch analytical laboratory 
with experienced personnel, appropriate instru- 
mentation, and fully validated and tested methods; 
(6) exacting quality-assurance and quality-control 
measures in all aspects of the program, including 
sample collection sample storage, and analyte de- 
termination; (7) an analytical limit of detection for 
environmental samples low enough to provide 
meaningful comparisons of biological effects and 
environmental exposure data; and (8) the capability 
to assess the monitoring data consistent with state- 
of-the-art aquatic hazard assessment techniques. 





Using the above-mentioned components of an 
aquatic monitoring program, cumylphenyl diphen- 
yl phosphate (CPDPP), a component of an indus- 
trial hydraulic fluid, was monitored in 1982 at 24 
sites located across the continental United States. 
Assessment of the hazard of CPDPP for sites 
where detectable levels were observed was per- 
formed by calculating the margin of safety be- 
tween environmental water concentration and 
acute and chronic toxicological effects for aquatic 
organisms inhabiting the water column and sedi- 
ments. A new approach for assessing chemical 
concentrations on sediment is proposed. The tech- 
nique consists of calculating sediment interstitial 
water concentration of CPDPP and comparing 
these values with toxicological effect concentra- 
tions observed in the laboratory for sediment- 
dwelling organisms. Concentrations of CPDPP in 
the environment ranged from <0.1 to 0.2 micro- 
grams/L in surface water and from <100 to 200 
micrograms/kg in sediment. CPDPP safety mar- 
gins were a factor of 10 or greater for the most 
sensitive water column organism (lake trout) and 
390 or greater for a typical sediment dwelling 
organism. (See also W89-01599) (Author's ab- 
stract) 
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RATIONALE FOR DATA COLLECTION AND 
INTERPRETATION IN THE NORTHERN 
LAKES LONG-TERM ECOLOGICAL’ RE- 
SEARCH PROGRAM, 

Wisconsin Univ.-Madison. Center for Limnology. 
T. K. Kratz, J. J. Magnuson, C. B. Bowser, and T. 

M. Frost. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 22-33, 2 fig, 2 
tab, 8 ref. NSF Grant No. DEB 8012323. 


Descriptors: *Data acquisition, *Eutrophication, 
*Data interpretation, *Lakes, *Water pollution ef- 
fects, *Acid rain effects, Crayfish, Fish, Lake sedi- 
ments, Wisconsin, Monitoring, Nutrients, Hydro- 
gen ion concentration, Alkalinity, Cations, Anions, 
Plankton, Physical properties, Environmental 
impact statement, Light penetration, Heat budget. 


The Northern Lakes Long-Term Ecological Re- 
search Program has three general goals: (1) to 
detect long-term changes in physical, chemical, 
and biotic features of lakes, (2) to understand link- 
ages among water and sediment chemistry, hydrol- 
ogy, climate, and biology, and (3) to detect lake 
features associated with stability and resilience to 
natural and human disturbance. Eight northern 
Wisconsin lakes were selected for semi-intensive 
study. These lakes lie in the same local groundwat- 
er flow system and include oligotrophic, mesotro- 
phic, and dystrophic types. To meet the first goal, 
an ongoing sampling program was established to 
provide seasonal or annual estimates of nutrients, 
pH, alkalinity, and major cations and anions), and 
biotic (including phytoplankton, zooplankton, ma- 
croinvertebrates, and fish) parameters. Frequency 
and timing of measurements are designed to allow 
comparisons among lakes, seasons, or years. In 
addition, long-term comparisons were made of 
recent data and those collected from the same 
lakes by Birge and Juday in the 1930’s. To accom- 
plish the second goal a series of shorter term, 
process-oriented studies have been instituted that 
are designed to describe mechanisms of interaction 
among system parts and to help refine sampling 
protocol. To meet the third goal, a whole-lake 
acidification experiment is being conducted along 
with ecological studies of invading fish and cray- 
fish. (See also W89-01599) (Author’s abstract) 
W89-01601 


SAMPLING EFFORT REQUIRED TO FIND 
RARE SPECIES OF FRESHWATER MUSSELS, 
Michigan Univ.-Dearborn. 

W. P. Kovalak, S. D. Dennis, and J. M. Bates. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 34-45, 4 fig, 4 
tab, 5 ref. 


Descriptors: *Mussels, *Population density, *Sam- 
pling, Lakes, Quantitative analysis, Mathematical 
studies, Mollusks, Clams, Cost analysis, Endan- 
gered species, Evaluation. 


Several approaches for determining the sampling 
effort required to find rare species of freshwater 
mussels were examined. Methods based on the 
relationship between number of species and 
number of individuals collected may provide a 
basis for estimating sampling effort, but more re- 
search is required to verify their applicability. Col- 
lections of dead shells (from lake shores or river 
banks) cannot be used because dead shells do not 
accumulate in proportion to the occurrence of live 
specimens in adjacent waters. Methods based on 
quantitative sampling are most promising. Howev- 
er, several methodological problems must be over- 
come to make quantitative sampling cost-effective. 
A tentative protocol for searching for rare species 
is presented. A preliminary survey using qualita- 
tive methods is used to determine the distribution 
of mussels in a habitat. These data are used to 
stratify the habitat for quantitative sampling, pref- 
erably using quadrats. The number of samples 
taken depends on the scope of the study. Sample 
number may be set by some predetermined target 
density that must be detected or by funding. (See 
also W89-01599) (Author’s abstract) 

W89-01602 


RATIONALE AND SAMPLING DESIGNS FOR 
FRESHWATER MUSSELS UNIONIDAE IN 
STREAMS, LARGE RIVERS, IMPOUND- 
MENTS, AND LAKES, 

Tennessee Valley Authority, Muscle Shoals, AL. 
Div. of Air and Water Resources. 

B. G. Isom, and C. Gooch. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 46-59, 1 fig, 9 
tab, 23 ref. 


Descriptors: *Mussels, *Sampling, *Population 
density, Tennessee, Quantitative analysis, Mol- 
lusks, Crustaceans, Lakes, Water pollution effects, 
Reservoirs, Rivers, Scuba diving. 


Historically, the rationale for sampling freshwater 
mussels was almost entirely for purposes of taxono- 
my, natural history surveys, and conservation and 
propagation efforts following a decline of the pearl 
button industry in the early 1900s. The concept of 
quantitative sampling of freshwater mussels is 
almost unknown in historical literature. Except for 
some proprietary or unpublished quantitative stud- 
ies, the first study designed primarily to quantita- 
tively sample freshwater mussels was by Scruggs 
followed by Isom, Bates, and Isom, and Dennis 
and Bates. An earlier concept paper on quantita- 
tive sampling of mollusks and crustaceans can be 
found in Wurtz. Quantitative sampling methods for 
freshwater mussels within the context of varied 
study ovjectives, for example water pollution sur- 
veys are described. An example of a quantitative 
site-specific mussel study on the Cumberland 
River, Tennessee, is included. Difficulties with this 
study’s design and application are discussed in 
some detail, along with site-specific studies on 
Kentucky Reservoir, Tennessee River, and Clinch 
River, Tennessee. (See also W89-01599) (Author's 
abstract) 

W89-01603 


CHARACTERIZING THE INFLUENCE OF 
NATURAL VARIABLES DURING ENVIRON- 
MENTAL IMPACT ANALYSIS, 

Tennessee Valley Authority, Norris. Engineering 
Lab. 

R. T. Brown, and D. L. Dycus. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
a ad Philadelphia, PA. 1986. p 60-75, 9 fig, 2 
tab, 13 ref. 


Descriptors: *Sampling, *Data interpretation, *En- 
vironmental impact, Temporal distribution, Phys- 
icochemical properties, Spatial distribution, Eco- 
logical effects, Environmental effects. 


RESOURCES DATA—Field 7 


Network Design—Group 7A 


Biological field sampling can be expensive, time 
consuming, and highly variable in results. A major 
goal of ecological data collection should be to 
obtain maximum information from each series of 
biological samples. Major factors regulating sam- 
pled populations must be identified if impacts are 
to be discriminated from effects of natural environ- 
mental variations. There are often meteorological, 
hydrological, and water quality (physical- chemi- 
cal) data available from nearby locations which 
can be used to describe the aquatic conditions 
between sample dates. A methodology for using 
environmental data to understand changes in bio- 
logical populations better by characterizing vari- 
ations in natural factors is described. Environmen- 
tal factors which influence sampled organisms 
were examined to determine naturally occurring 
spatial gradients throughout the study region and 
temporal changes during the period of study. 
These environmental data were used to examine 
observed differences in sampled populations rela- 
tive to natural environmental fluctuations. The 
methodology is demonstrated with environmental 
data used in the interpretation of phytoplankton 
samples. Recommendations are made for improv- 
ing ecological data collection programs to allow 
analyses of impacts relative to natural environmen- 
tal variations. (See also W89-01599) (Author’s ab- 
stract) 

W89-01604 


CONCEPTUAL FRAMEWORK TO GUIDE 
AQUATIC MONITORING PROGRAM DESIGN 
FOR THERMAL ELECTRIC POWER PLANTS, 
Washington Univ., Seattle. Dept. of Civil Engi- 
neering. 

R. R. Horner, J. S. Richey, and G. L. Thomas. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
— Philadelphia, PA. 1986. p 86-100, 1 fig, 
20 ref. 


Descriptors: *Model studies, *Electric power- 
plants, *Design criteria, *Monitoring, *Environ- 
mental impact, Computer models, Algorithms, 
Mathematical models, Project planning, Ecosys- 
tems, Cooling water, Entrainment, Water quality. 


Thermal electric generating stations have a poten- 
tial to alter the biotic and abiotic conditions in 
adjacent water bodies. Federal regulations require 
electrical utilities to monitor for such changes as 
insurance against deterioration of aquatic ecosys- 
tems. The cost of many monitoring efforts could be 
reduced by more precise applications of the scien- 
tific method (hypothesis testing), improved statisti- 
cal design, and a focus on measures of cost-effec- 
tiveness. A multidisciplinary team of scientists and 
engineers from the University of Washington has 
developed such a conceptual framework to guide 
the design of power plant aquatic monitoring pro- 
grams. This framework is organized into four hier- 
archical levels to accommodate the quality of in- 
formation in a user’s possession. Algorithms within 
the hierarchy help the monitoring program design- 
er identify and prioritize mechanisms likely to 
cause ecological change, ecosystem components 
that might demonstrate a response, hypotheses of 
impact, and an appropriate sampling design for 
hypothesis testing. The entire framework has been 
programmed for interactive computer application. 
(See also W89-01599) (Author's abstract) 
W89-01606 


LEAF PROCESSING IN A RESERVOIR: AN 
EXPERIMENTAL APPROACH, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Biology. 

A. C. Hendricks. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 150-156, 3 fig, 
1 tab, 5 ref. 


Descriptors: *Litter, *Leaves, *Food chains, 
*Field tests, Fish, Predation, Ecology, Reservoirs, 
Invertebrates, Sunfish, Virginia. 





Field 7—RESOURCES DATA 


Group 7A—Network Design 


The classical laboratory design of an experiment 
involves the utilization of a proper control and 
establishing various test treatments while holding 
conditions as close to those of the control as possi- 
ble. In field work an experimental design such as 
that used in the laboratory is impossible to gener- 
ate; however, field experimental work can be per- 
formed by controlling one parameter at a time and 
allowing this to serve as a treatment. The control 
in this case attempts to emulate the ecological 
system as close as possible. An experimental ap- 
proach was utilized to determine how leaves were 
processed in a reservoir. Maple (Acer Spp.) leaf 
packets were placed in the reservoir utilizing the 
following experimental design: (1) Packets were 
placed in plastic trays and left open. These served 
as the controls. (2) Packets were placed in enclo- 
sures so that fish and other larger animals might 
not have access to the leaves. (3) Packets were 
placed in enclosures and a bluegill sunfish (Lepo- 
mis macrochirus) was added to each enclosure. 
Results from the experiments showed no signifi- 
cant differences between the leaf processing in the 
enclosure with and without fish. However, there 
were significant differences in leaf processing be- 
tween open and enclosed leaf packets. At one time 
it took less than a month for this difference to 
occur, at another time it took from two to three 
months. (See also W89-01599) (Author’s abstract) 
W89-01609 


DEVELOPING A SAMPLING STRATEGY, 
Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Center for Environmental Studies. 

J. Cairns, and J. R. Pratt. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 168-186, 3 fig, 
2 tab, 67 ref. 


Descriptors: *Sampling, *Hydrologic data collec- 
tions, *Data acquisition, *Ecology, Ecosystems, 
Field tests, Water pollution effects, Project plan- 
ning, Data interpretation, Test procedures, Species 
diversity, Statistical methods. 


Sampling decisions must emphasize not only data 
collection and analysis, but also data use in deci- 
sions made for protection and management of 
aquatic ecosystems. Although data gathering is 
often the main focus of an investigation, it only 
provides the opportunity for generating informa- 
tion. The quality of this information is dependent 
upon the method of data acquisition and analysis, 
and the effectiveness of the decision made depends 
on the entire process - not only sampling. The 
basic problem with analyzing aquatic ecosystems is 
their complexity which may not be adequately 
displayed if the sampling program is not carefully 
designed. Furthermore, even the most effectively 
designed program may not achieve the desired 
objectives if the sampling program design does not 
recognize the way the information will be used. 
The limitation of common experimental designs 
and sampling methods including the use of struc- 
tural and functional measures, the sampling of nat- 
ural and artificial substrates, and use of appropriate 
Statistical tests is discussed. Certain sampling re- 
gimes, including sampling over a single annual 
cycle, may underestimate ecosystem variability. 
The use of artificial substrates for collections may 
be misleading if the behavior of the substrate over 
time is not understood. Nevertheless, artificial sub- 
strates may show greater replicability and reliabil- 
ity than collections from naturally heterogeneous 
substrates. Generators of information should un- 
derstand the uses that will be made of the data and 
that the limitations of the data should be under- 
stood by those who must make decisions with it. A 
simple checklist is provided for use of investigators 
to ensure adequate preparation of hypotheses, se- 
lection of sampling methods, and use of statistical 
tests. (See also W89-01599) (Author’s abstract) 
W89-01611 


DEVELOPING GUIDES FOR SAMPLING AND 
ANALYSIS OF GROUND WATER, 

Dow Chemical Co., Baton Rouge, LA. Louisiana 
Div. 

L. I. Bone. 


IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
337-342, 1 tab. 


Descriptors: *Water quality, *Standards, *Water 
analysis, *Groundwater pollution, *Sampling, 
*Data acquisition, Pumps, Organic wastes, Vadose 
water, Monitoring, Water pollution prevention, 
Flushing, American Society for Testing and Mate- 
rials. 


American Society for Testing and Materials Com- 
mittee D-34 on Waste Disposal has two subcom- 
mittees that are concerned with groundwater sam- 
pling: D34-02-08 on Groundwater Analysis and 
D34-01-01 on Environmental Monitoring and Sam- 
pling. Subcommittee D34-02-08 has been review- 
ing the Environmental Protection Agency’s (EPA) 
Proposed SW 846 Method 8600 for screening 
groundwater for Appendix VIII compounds. Sub- 
committee D34-01-01 has prepared Guides for 
Sampling Ground Water Monitoring Wells and 
Pore Water Sampling in the Vadose Zone. The 
groundwater guide discusses flushing require- 
ments, well sampling devices, and sample container 
and preservation requirements. Some of the guide’s 
discussion concerning the advantages and disad- 
vantages of sampling procedures and devices are 
presented and some recommendations based on the 
author’s own experience are offered. Flushing 5 to 
10 well volumes or until some parameter, such as 
pH or conductivity is stabilized, is recommended. 
Bailers, bladder pumps, or gas driven piston pumps 
are recommended, and the importance of preplan- 
ning sampling operations is emphasized. (See also 
W89-01634) (Author’s abstract) 

W89-01653 


PRACTICES FOR SAMPLING SOLID WASTES 
FROM POINT DISCHARGES AND IMPOUND- 
MENTS, 

Radian Corp., Austin, TX. 

L. Holcombe, D. Johnson, and D. Lorenzen. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
353-366, 4 fig, 2 tab, 6 ref. 


Descriptors: *Standards, *Sampling, *Waste char- 
acteristics, *Chemical analysis, *Data acquisition, 
Design criteria, Monitoring, Spatial distribution, 
Statistical methods, Data interpretation, Waste dis- 
posal, Solid wastes, American Society for Testing 
and Material. 


Practices for sampling solid wastes from point 
discharges and impoundments are being developed 
for American Society for Testing and Materials 
Committee D-34 on Waste Disposal and will pro- 
vide guidance for obtaining representative samples 
of solid wastes from point discharges and surface 
impoundments. The sampling guidelines outline 
safety procedures, design considerations, sampling 
equipment, and sampling procedures. Proper 
design is a key component of any waste sampling 
program and is emphasized in these practices. The 
frequency of sampling or the spatial distribution of 
samples required to obtain a descriptive sample 
depends on the variability of the waste composi- 
tion and the precision of waste analysis required. 
Given the waste variability and precision require- 
ments, the number of samples necessary can be 
calculated using fundamental statistical concepts. 
(See also W89-01634) (Author’s abstract) 
W89-01655 


SOIL VAPOR MONITORING AS A COST-EF- 
FECTIVE METHOD OF ASSESSING GROUND 
WATER DEGRADATION FROM VOLATILE 
CHLORINATED HYDROCARBONS IN AN AL- 
LUVIAL ENVIRONMENT, 

Kleinfelder (J.H.) and Associates, Walnut Creek, 
CA. 


For primary bibliographic entry see Field 5A. 
W89-01675 


CAN BIOLOGICAL MONITORING EARLY 
WARNING SYSTEMS BE USEFUL IN DE- 
TECTING TOXIC MATERIALS IN WATER, 


Army Medical Bioengineering Research and De- 
velopment Lab., Fort Detrick, MD. Health Effects 
Research Div. 

For primary bibliographic entry see Field 5A. 
W89-01901 


BIOLOGICAL IMPLICATIONS OF THE MAN- 
AGEMENT OF WASTE MATERIALS: THE IM- 
PORTANCE OF INTEGRATING MEASURES 
OF EXPOSURE, UPTAKE, AND EFFECTS, 
National Ocean Service, Seattle, WA. Ocean As- 
sessments Div. 

A. J. Mearns. 

IN: Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 335-343, 1 fig, 17 ref. 


Descriptors: *Water pollution effects, *Waste man- 
agement, *Ecological effects, *Toxicology, *Moni- 
toring, *Management planning, *Aquatic toxicol- 
ogy, Bioaccumulation. 


Mental tools are needed to remind us of the ulti- 
mate uses of aquatic toxicology research. These 
tools can aid those who manage conplex waste 
materials. A simple conceptual diagram is offered 
to remind researchers and managers of the need to 
simultaneously or sequentially acquire, or other- 
wise integrate, information on exposure, biocon- 
centration, and effects. The author urges research- 
ers to weigh the benefits and statistical costs of 
acquiring these data in a multidisciplinary ap- 
proach. (See also W89-01930) (Author’s abstract) 
W89-01951 


7B. Data Acquisition 


RECOMMENDATIONS FOR THE DETERMI- 
NATION OF PH IN SEA WATER AND ESTUA- 
RINE WATERS, 

Newcastle upon Tyne Univ. (England). Dept. of 
Physical Chemistry. 

A. K. Covington, and M. Whitfield. 

Pure and Applied Chemistry PACHAS, Vol. 60, 
No. 6, p 865-870, June 1988. 14 ref. 


Descriptors: *Water analysis, *Chemical analysis, 
*Standards, *Hydrogen ion concentration, *Sea- 
water, *Estuarine water, Errors, Temperature, Sa- 
linity. 


The International Union of Pure and Applied 
Chemistry (IUPAC) Commission on Electroanaly- 
tical Chemistry presents its recommendations for 
the determination of pH in sea water and estuarine 
waters. If a precision of + or - 0.01 in pH is 
required, it is recommended that: (1) The sample is 
at a constant, controlled temperature. (2) Electrode 
pairs should be standardized on either the 
pH(IUPAC) or pH(SWS) scales but the commer- 
cial availability of standard reference materials for 
the former makes this more convenient in practice 
for the time being. (3) The electrode pai- should be 
characterized over the appropriate salinity and 
temperature range to assess the systematic errors 
associated with variations of liquid junction poten- 
tial and hydrogen ion activity coefficient. This 
requires the determination of fH’ and delta-pH 
values as appropriate, and the conversion factors 
should be published along with the measured 
pH(X) or pH(SWS) values. (4) Considerable ad- 
vantages ensue from using a reference electrode 
design with renewable liquid junction such as the 
Culberson cell. By this means a precision of + or - 
0.01 in pH is obtainable on a routine basis and 
standardization is only necessary at the beginning 
and end of a working day. (Author’s abstract) 
W89-01295 


RECOMMENDED APPROACH TO THE EVAL- 
UATION OF THE ENVIRONMENTAL BEHAV- 
IOR OF PESTICIDES: IUPAC REPORTS ON 
PESTICIDES, NO. 24, 

CIBA-GEIGY A.G., Basel (Switzerland). Agricul- 
tural Div. 





For primary bibliographic entry see Field 5A. 
W89-01296 


USE OF PLASTIC STRIPS TO MEASURE 
LEAF RETENTION BY RIPARIAN VEGETA- 
TION IN A COASTAL OREGON STREAM, 
Oregon State Univ., Corvallis. Dept. of Fisheries 
and Wildlife. 

R. W. Speaker, K. J. Luchessa, J. F. Franklin, and 
S. V. Gregory. 

American Midland Naturalist AMNAAF, Vol. 
120, No. 1, p 22-31, July 1988. 3 fig, 3 tab, 13 ref. 
National Science Foundation Grants DEB 80- 
12162, BSR 3514325, BSR 8112455-02 and BSR 
8508356. 


Descriptors: *Data acquisition, *Leaves, *Leaf re- 
tention, *Riparian vegetation, Shrubs, Streams, 
Particulate matter, Oregon. 


The feasibility of using strips of plastic instead of 
leaves for estimating the rate of retention of coarse 
particulate organic matter (CPOM; > 1 mm diame- 
ter) in streams was tested by simultaneously meas- 
uring retention of leaves and strips of plastic cut to 
approximately the same size as the leaves in six 
3rd- and 4th-order streams. There was no signifi- 
cant difference in the retention rates between the 
two methods when all six study reaches were 
considered together, nor was there a difference in 
the location of retention of leaves and strips of 
plastic within a reach. However, the retention rate 
of plastic strips was significantly higher than that 
of leaves in the two reaches with the highest flows. 
Plastic strips were used to assess the importance of 
shrubby riparian vegetation in retaining CPOM in 
a 3rd-order stream. The density of streamside 
shrubs was reduced to approximately 60% and 0% 
of naturally occurring levels, and retention was 
measured by releasing known quantities of plastic 
strips into the stream. Retention was highest in the 
reaches where shrub densities were not reduced, 
intermediate in reaches that were thinned, and 
lowest in reaches where shrubs had been complete- 
ly removed. Riparian vegetation was directly or 
indirectly responsible for 68% of the retention in 
the cleared reaches, 79% of the retention in the 
thinned sections and 84% of the retention in the 
control reaches. (Author’s abstract) 

W89-01332 


PRACTICAL EXPERIENCE OF BOREHOLE 
PERFORMANCE EVALUATION, 

For primary bibliographic entry see Field SF. 
W89-01356 


DETERMINATION OF TWENTY-ONE 
CHLOROANISOLES IN WATER AND SEDI- 
MENT SAMPLES, 

National Water Research Inst., Burlington (Ontar- 
io). Research and Applications Branch. 

For primary bibliographic entry see Field 5A. 
W89-01377 


FORCED-GRADIENT TRACER TESTS AND IN- 
FERRED HYDRAULIC CONDUCTIVITY DIS- 
TRIBUTIONS AT THE MOBILE SITE, 

Auburn Univ., AL. Dept. of Civil Engineering. 
For primary bibliographic entry see Field 5B. 
W89-01402 


SIMULATION AND PARAMETER IDENTIFI- 
CATION OF MASS TRANSPORT IN GROUND 
WATER, 

Bergakademie Freiberg (German D.R.). 

For primary bibliographic entry see Field 2F. 
W89-01409 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART IV, 
K. Bedford, A. Findikakis, B. E. Larock, W. Rodi, 
and R. L. Street. 

Journal of Hydraulic Engineering (ASCE) 
JHENDS, Vol. 114, No. 9, p 1034- 1051, Septem- 
ber 1988. 3 tab. 


Descriptors: *Turbulent flow, *Model studies, 
*Surface water, *Computers programs, *Hydraulic 


models, *Model testing, Automation, Fortran, Ad- 
vection, Differential equations, Remote sensing. 


The computer, numerical, and personnel require- 
ments for turbulence model based surface water 
codes are discussed and suggested evaluation pro- 
cedures for turbulence models are described. Hard- 
ware resources typically require substantial com- 
puting resources particularly for the case of time 
varying calculations. For the case of 3D flows, the 
solution of extra equations for turbulence quantities 
will not add much extra time to the calculation. 
Codes may be developed or acquired with acquisi- 
tion of public domain software or proprietary 
codes possible. Public domain software is often not 
well-documented but is inexpensive. Proprietary 
software is generally more expensive but well- 
maintained and documented. The development of a 
code requires trained personnel, considerable com- 
puter resources, and a sound numerical solution 
approach. Seven components or considerations in 
the numerical solution approach are discussed with 
the treatment of the advection terms being of con- 
siderable importance. Finally, six elements of 
model performance evaluation are summarized and 
include a discussion of the types of data for such 
evaluations. (See also W89-01412 thru W89-01414 
and W89-01416) (Author’s abstract) 

W89-01415 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART V, 
For primary bibliographic entry see Field 2E. 
W89-01416 


COMPREHENSIVE METHOD OF CHARAC- 
TERISTICS MODELS FOR FLOW SIMULA- 
TION, 

Geological Survey, Reston, VA. 

For primary bibliographic entry see Field 2E. 
W89-01417 


FINITE ELEMENT CHARACTERISTIC AD- 
VECTION MODEL, 

Rosenstiel School of Marine and Atmospheric Sci- 
ence, Miami, FL. Div. of Applied Marine Physics. 
For primary bibliographic entry see Field 5B. 
W89-01418 


CLOUD DROPLETS: SOLUTE CONCENTRA- 
TION IS SIZE DEPENDENT, 

Washington Univ., Seattle. Dept. of Civil Engi- 
neering. 

K. J. Noone, R. J. Charlson, D. S. Covert, J. A. 
Ogren, and J. Heintzenberg. 

Journal of Geophysical Research (D) JGRDE3, 
Vol. 93, No. 8, p 9477-9482, August 20, 1988. 5 fig, 
1 tab, 23 ref. NSF Grants ATM 83-18028 and 
ATM 86-07377. 


Descriptors: *Air pollution, *Acid rain, *Path of 
pollutants, *Cloud liquid water, *Fluid drops, So- 
lutes, Chemical properties, Water chemistry, Sul- 
fates. 


Cloud droplets were sampled as function of their 
size using a counterflow virtual impactor. In a 
marine stratus cloud, the smaller droplets released 
smaller aerosol particles than did the larger drop- 
lets and the larger droplets released particles that 
are morphologically similar to sea salt. Aqueous 
solute concentrations for different droplet size 
ranges were calculated and it was concluded that: 
(1) The solute concentration within cloud droplets 
can be a function of the droplet size; in the cloud 
described here, the mass concentration in droplets 
larger than 9 micron diameter increased with size. 
(2) If the cloud droplet residue observed in this 
cloud is physically and chemically similar to aero- 
sol observed at other remote marine locations, that 
is, the sub-micron particles are mainly sulfates and 
the super micron particles are mainly sea salt, then 
these data indicate that there are different ionic 
species in the smaller and larger droplets. The 
larger droplets would contain mainly sea salt, and 
the smaller droplets would contain more sulfate 
than the larger ones. (3) As the concentration of 
excess (non-sea-salt) sulfate controls the acid/base 
chemistry in background marine cloud water and 


RESOURCES DATA—Field 7 


Data Acquisition—Group 7B 


because the droplet concentration was found to be 
size dependent (see conclusion one), the pH of 
cloud droplets and the chemistries depend on it 
(bisulfite and bisulfate ions) are size dependent. (4) 
As cloud droplets of differing concentration 
behave differently in a chemical sense, there is no 
single equilibrium statement governing all of the 
droplet sizes in a cloud. Because of this, bulk cloud 
water or rainwater composition may not be appro- 
priate for modeling the chemical properties or 
reactions in clouds for investigating the effects of 
cloud water on biota or materials. Because the data 
presented here were taken from a single could 
under one synoptic condition, the variability in 
marine stratus clouds at this location is not yet 
known. It is known, however, that the residue 
aerosol size distributions derived from this cloud 
were similar to those derived from seven other 
clouds at the same location. (Hammond-PTT) 
W89-01436 


ENVIRONMENTAL ANALYSIS USING AN 
ENERGY-DISPERSIVE X-RAY FLUORES- 
CENCE ANALYZER, 

HNU Systems, Inc., Newton, MA. 

J. N. Driscoll, and N. Jacobus. 

American Laboratory ALBYBL, Vol. 20, No. 8, p 
68, 70-75, 79, August 1988. 8 fig, 20 ref. 


Descriptors: *Pollutant identification, *Chemical 
analysis, *X-ray fluorescence, *Sampling, *Com- 
puters, Energy-dispersive x-ray fluorescence ana- 
lyzer. 


The personal computer-controlled tube excited x- 
ray fluorescence analyzer is a versatile instrument 
for the analysis of a wide variety of environmental 
samples. For liquid samples, a multitude of ele- 
ments can be detected at low ppm levels. Energy- 
dispersive x-ray fluorescence appears to be a useful 
screening tool for atomic absorption or inductively 
coupled plasma since it has a wider dynamic range 
than either method and can rapidly scan for multi- 
ple elements. Ion exchange can be used to improve 
selectivity. A concentration step can be used if ppb 
detection limits are required. Energy-dispersive x- 
ray fluorescence has been widely applied for the 
analysis of multiple elements in ambient air or in 
the workplace as a result of its excellent sensitivity 
and specificity in this application. Soil samples can 
be analyzed for multiple elements at low ppm 
levels. The use of an ultra-thin window in an 
energy-dispersive x-ray fluorescence system im- 
proved the detection of many light elements, some 
of which were important for environmental meas- 
urements. (Author’s abstract) 

W89-01439 


LOW LEVELS OF COPPER AND LEAD IN A 
HIGHLY INDUSTRIALIZED RIVER, 
International Lab. of Marine Radioactivity, 
Monaco-Ville (Monaco). 

L. Huynh-Ngoc, N. E. Whitehead, and B. 
Oregioni. 

Toxicological and Environmental Chemistry 
TXECBP, Vol. 17, No. 3, p 223-236, 1988. 2 fig, 4 
tab, 25 ref. 


Descriptors: *Sampling, *Sample preservation, 
*Water analysis, *Rivers, *Heavy metals, *Path of 
pollutants, Copper, Lead, Sediments, Particulate 
matter, Industrial development. 


A recent tabulation showed downward revision 
was necessary for the concentrations of many ele- 
ments in sea water. The reason was the ubiquitous 
presence of contamination during sampling. It was 
common to add accidentally several micrograms/ 
kg contamination to samples to be analyzed for Zn, 
Cu, Cd, Pb, Hg, and other elements. The true 
environmental concentrations of those elements 
were often at least ten or a hundred times lower 
than those observed. It was decided to apply some 
of the recent marine techniques to a study of the 
water of the Rhone. It was expected that the 
values obtained from this study might be slightly 
above background. Instead, the values obtained 
were so low that they reinforce doubts about the 
validity of the tabulated background values which 
suggest typical river water concentrations from 
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pristine rivers of 1500 and 100 ng/kg for Cu and 
Pb respectively, and particulate concentrations for 
both of 100 mg/kg. Dissolved Cu and Pb in the 
Rhone are 780 + or - 390 and 91 + or - 31 ng/kg, 
typical of pristine rivers. Suspended particulate 
matter contained 68 + or - 53 mg/kg and 60 + or 
- 30 mg/kg solid phase of Cu and Pb, respectively. 
Sediments contained 31 + or - 13 mg/kg and 37 + 
or - 9 mg/kg of Cu and Pb. The Pb values for 
sediments are only slightly above background 
levels. Less Cu was carried on particulate matter 
than expected. It is to be hoped that more re- 
sources will be diverted into establishing clear and 
valid background levels for values of Pb, Cu and 
Zn metals in river systems. Only then can the 
effects of added effluents from industry be fully 
and adequately judged, and the true state of the 
geochemical balance between river and sea proper- 
ly revealed. Tabulated values of background levels 
of Cu and Pb in the literature may need some re- 
examination. (Hammond-PTT) 

W89-01442 


EFFECT OF PROLONGED EXPOSURE TO 
ACETYLENE ON DENITRIFICATION IN A 
LABORATORY STREAM SEDIMENT 
SYSTEM, 

Oxford Univ. (England). Dept. of Plant Sciences. 
J. G. Cooke, and R. E. White. 

Water Research WATRAG, Vol. 22, No. 6, p 685- 
691, June 1988. 7 fig, 1 tab, 23 ref. 


Descriptors: *Sediment-water interfaces, *Streams, 
*Stream sediments, *Denitrification, *Acetylene 
inhibition, *Nitrates, *Nitrites, Oxidation-reduction 
potential, Artificial watercourses, Enzymes, Heter- 
otrophic bacteria, Diffusion, Biodegradation. 


The effects of prolonged exposure to acetylene on 
denitrification activity in a sediment-water (0.5 mil- 
limole/cu dm Ca(NO3)2) system were studied in 
the laboratory to evaluate the possible use of the 
acetylene inhibition method for long-term in situ 
studies in streams. Denitrification accounted for 
86% of the nitrate reduced in the acetylene-treated 
system. Acetylene addition induced anaerobic con- 
ditions within the top 5 mm of sediment after 2-3 
days incubation that did not occur in the control 
treatment. This was accompanied by an increased 
rate of nitrate reduction and nitrite production in 
the recirculating ‘stream water.’ Analysis of the 
sectioned acetylene-treated sediment revealed 
much steeper nitrite and nitrate diffusion profiles 
than in the control. Enzyme assay showed that 
denitrification activity was six times higher than 
the initial level at the sediment-water interface of 
the acetylene treatment, and decreased with depth, 
whereas the control showed a much smaller peak 
at 5.5 mm depth. It is hypothesized that the results 
could be explained by heterotrophic degradation of 
acetylene, with subsequent utilization of the break- 
down products by denitrifiers. (Author’s abstract) 
W89-01446 


INORGANICS, 

Montgomery (James M.) Consulting Engineers, 
Inc., Pasadena, CA. Montgomery Labs. 

For primary bibliographic entry see Field 5A. 
W89-01464 


ORGANICS, 

Tennessee Technological Univ., Cookeville. 
For primary bibliographic entry see Field 5A. 
W89-01465 


WATER CHARACTERISTICS, 
For primary bibliographic entry see Field 5A. 
W89-01466 


CONTINUOUS MONITORING, AUTOMATED 
ANALYSIS, AND SAMPLING PROCEDURES, 
Oak Ridge National Lab., TN. Waste Management 
Technology Center. 

R. L. Jolley, and A. L. Rivera. 

Journal - Water Pollution Control Federation 
JWPFAS, Vol. 60, No. 6, p 799-801, June 1988. 28 
ref. 


Descriptors: *Literature review, *Automation, 
*Measuring instruments, *Monitoring, *Data ac- 
quisition, *Sampling, *Water pollution control, 
*Water analysis, Computers, Control systems, 
Remote sensing, Color, Dissolved oxygen, Oxida- 
tion-reduction potential, Hydrogen ion concentra- 
tion, Wastewater treatment facilities. 


Literature published in 1987 on monitoring, auto- 
mated analysis, and sampling as they relate to 
water pollution control is summarized under the 
following headings: monitoring and control strate- 
gies and continuous monitoring applications. 
Among the specific topics covered are computer- 
ized control systems, on-line instrumentation, mon- 
itoring of water parameters such as color, dis- 
solved oxygen, and redox potential, and automated 
control of wastewater treatment plants. The 
review aims to include all pertinent, important and 
significant articles without evaluating their merit; 
when selections were made, availability of docu- 
ments and the presence of new information in the 
article were used as inclusion criteria. A brief 
synopsis of the contents is given for each article 
cited. (Rochester-PTT) 

W89-01467 


SUBSTRATE ASSOCIATED MICROBIOTA, 
Pennsylvania State Univ., University Park. School 
of Forest Resources. 

For primary bibliographic entry see Field 5C. 
W89-01505 


DETERMINATION OF A REALISTIC ESTI- 
MATE OF THE ACTUAL FORMATION PROD- 
UCT THICKNESS USING MONITOR WELLS: 
A FIELD BAILOUT TEST, 

S and ME, Inc., Atlanta, GA. 

For primary bibliographic entry see Field 5B. 
W89-01544 


RATIONALE FOR SAMPLING AND INTER- 
PRETATION OF ECOLOGICAL DATA IN THE 
ASSESSMENT OF FRESHWATER ECOSYS- 
American Society for Testing and Materials, Phila- 
delphia, PA. A symposium sponsored by ASTM 
Committee D-19 on Water, Philadelphia, PA, 31 
Oct.-1 Nov. 1983. ASTM Special Technical Publi- 
cation 894. ASTM Publication Code Number 04- 
894000-16. 1986. 193p. Edited by Billy G. Isom. 


Descriptors: “Data interpretation, *Sampling, 
*Lakes, *Water quality, *Symposium, *Environ- 
mental impact statement, Ecological effects, Envi- 
ronmental effects, Species composition, Electric 
powerplants, Algae, Macrophytes, Mussels, Nutri- 
ents, Ecosystems, Baseline studies. 


Symposium papers are presented which develop 
rational bases for sampling various aquatic ecosys- 
tems and for assessing environmental hazards from 
the generated data. The first two papers deal with 
the importance of geographic, climatic, land sur- 
face forms, soils, land uses, river basins, and vege- 
tation as factors in establishing reference sites on 
which to evaluate changes in the ecological integ- 
rity. Further, proven capabilities in sampling the 
water, sediment, and biota for the necessary physi- 
cal, chemical, biological, and toxicological proper- 
ties measurements should be demonstrated for 
credible useful and consistent results. All aspects of 
the program must be subjected to exacting quality 
assurance and control practices on sample collec- 
tion, storage, and analyses. The next two papers 
deal with the special problems which arise when 
attempting to assess the impact on a specific orga- 
nism from an environmental or ecological change 
and determine the source of that change. Other 
papers stress the necessity to consider not only the 
sampling and data gathering and the quality of the 
data but also the objective of the program, the 
limitations to the uses of the information, and the 
impact on the decisions that must be made. All the 
information contained herein should be valuable 
for those considering a program of sampling and 
analyzing an aquatic ecosystem for the assessment 
of the impact of ecological change and hazard. 
(See W89-01600 thru W89-01611) (Author’s ab- 
stract) 


W89-01599 


AQUATIC MONITORING: A RATIONALE FOR 
OBTAINING AND INTERPRETING AQUATIC 
ECOSYSTEM CHEMICAL EXPOSURE DATA, 
Monsanto Co., St. Louis, MO. 

For primary bibliographic entry see Field 7A. 
W89-01600 


SAMPLING EFFORT REQUIRED TO FIND 
RARE SPECIES OF FRESHWATER MUSSELS, 
Michigan Univ.-Dearborn. 

For primary bibliographic entry see Field 7A. 
W89-01602 


RATIONALE AND SAMPLING DESIGNS FOR 
FRESHWATER MUSSELS UNIONIDAE IN 
STREAMS, LARGE RIVERS, IMPOUND- 
MENTS, AND LAKES, 

Tennessee Valley Authority, Muscle Shoals, AL. 
Div. of Air and Water Resources. 

For primary bibliographic entry see Field 7A. 
W89-01603 


CHARACTERIZING THE INFLUENCE OF 

NATURAL VARIABLES DURING ENVIRON- 

MENTAL IMPACT ANALYSIS, 

—- Valley Authority, Norris. Engineering 
ab. 

For primary bibliographic entry see Field 7A. 

W89-01604 


CONCEPTUAL FRAMEWORK TO GUIDE 
AQUATIC MONITORING PROGRAM DESIGN 
FOR THERMAL ELECTRIC POWER PLANTS, 
Washington Univ., Seattle. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 7A. 
W89-01606 


LEAF PROCESSING IN A RESERVOIR: AN 
EXPERIMENTAL APPROACH, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Biology. 

For primary bibliographic entry see Field 7A. 
W89-01609 


DEVELOPING A SAMPLING STRATEGY, 
Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Center for Environmental Studies. 

For primary bibliographic entry see Field 7A. 
W89-01611 


FIXED-WALL VERSUS FLEXIBLE-WALL PER- 
MEAMETERS, 

Texas Univ., Austin. Dept. of Civil Engineering. 
D. E. Daniel, D. C. Anderson, and S. S. Boynton. 
IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 107-126, 10 fig, 1 tab, 14 ref. NSF 
Grant No. CEE-3204967 and U.S. EPA Coopera- 
tive Agreement CR-810165. 


Descriptors: *Hydraulic conductivity, *Permea- 
meters, *Cutoff walls, *Permeability coefficient, 
*Clays, Testing procedures, Comparison studies, 
Soil compaction, Cadaen, Soil mechanics. 


Permeameters are of two general types: fixed-wall 
and flexible-wall cells. A controversy has devel- 
oped over which type of cell is best suited for 
measuring the hydraulic conductivity of relatively 
impermeable, fine-grained soils. The various types 
of permeameters are discussed and their relative 
advantages and disadvantages are listed. Differ- 
ences in applied stress, boundary leakages, and 
degree of saturation are the major differences be- 
tween cells. It is concluded that no one type of cell 
is best suited to all applications. Data show that the 
type of permeameter used has little effect for labo- 
ratory-compacted clay permeated with water but 
can have a major effect for clays permeated with 
concentrated organic chemicals. Fixed-wall ceils 
are perhaps best suited to testing laboratory-com- 





pacted clays that will be subjected to little or no 
effective overburden pressure in the field. Flexible- 
wall cells are better suited to testing undisturbed 
samples of soil (to minimize boundary leakages) 
and testing soils that will be subjected to significant 
effective stress. (See also W89-01612) (Author’s 
abstract) 

W89-01620 


PROCEDURE AND EQUIPMENT FACTORS 
AFFECTING PERMEABILITY TESTING OF A 
BENTONITE-SAND LINER MATERIAL, 
Wisconsin Univ.-Madison. Dept. of Civil and En- 
vironmental Engineering. 

For primary bibliographic entry see Field 8D. 
W89-01623 


FIELD PERMEABILITY TEST FOR CLAY 
LINERS, 

Geo-Con, Inc., Pittsburgh, PA. 

S. R. Day, and D. E. Daniel. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 276-288, 9 fig, 11 ref. EPA Coopera- 
tive Agreement CR-810165-01-0. 


Descriptors: *Liners, *Infiltrometers, *Hydraulic 
conductivity, *Clays, *Linings, *Permeability, 
Finite element method, Mathematical models, Soil 
properties, Seepage control, Case studies, Soil 
compaction, Field tests, Infiltration. 


A method of measuring the hydraulic conductivity 
of compacted clay liners in the field using single- 
ring infiltrometers has been developed. It is as- 
sumed that the ring has a diameter that is no less 
than the thickness of the clay liner and that the 
clay liner is underlain by a freely draining material 
with negligible suction. Finite element analyses 
were performed to develop correction factors that 
account for horizontal seepage for cases in which 
the ring infiltrometer is partially embedded into the 
liner. The correction factors were developed for a 
range in diameter of the ring and for ratios of 
horizontal to vertical hydraulic conductivity of 1, 
10, and 100. Laboratory experiments were con- 
ducted to verify the results of faite-chnent analy- 
ses, but the laboratory results showed considerable 
scatter and were successful only in demonstrating 
that the finite-element results show the proper 
trends. Finally, the test method was tried in the 
field on a full-sized clay liner in which the actual 
hydraulic conductivity of the entire liner could be 
calculated from the feowe rate of leakage. The 
hydraulic conductivity measured in the infiltration 
test agreed almost perfectly with the computed 
overall hydraulic conductivity of the entire liner. 
It is concluded that the single-ring infiltration test 
can be used to measure the hydraulic conductivity 
of clay liners, although it is difficult to measure 
hydraulic conductivities that are substantially 
lower than 1 times 10 to the minus 7th power cm/ 
second. In addition, the field tests may take several 
weeks to complete. (See also W89-01612) (Au- 
thor’s abstract) 

W89-01631 


HAZARDOUS AND INDUSTRIAL SOLID 
WASTE TESTING AND DISPOSAL: SIXTH 
VOLUME. 

American Society for Testing and Materials, Phila- 
delphia, PA. ASTM Special Technical Publication 
933. ASTM Publication Code Number 04-933000- 
16. 1986. 471p. Edited by Douglas Lorenzen et al. 


Descriptors: *Hazardous wastes, *Waste disposal, 
*Waste characteristics, *Path of pollutants, 
*Leaching, *Testing procedures, Water pollution 
prevention, Linings, Heavy metals, Waste manage- 
ment, Incineration, Models, Wastewater treatment, 
Sampling, Leachates, Industrial wastes. 


This publication contains papers preseated at two 
symposia: the Third International Symposium on 
Industrial and Hazardous Waste presented at Alex- 
andria, Egypt, 24-27 June 1985, and the Symposi- 
um on Environmental Test Method Development 
presented at Colorado Springs, CO, 8-9 May 1985. 
This Special Technical Publication (STP) is the 
sixth volume of test methods developed by ASTM 


toward fulfilling the need for improved test meth- 
ods relating to disposal, treatment, and character- 
ization of hazardous and industrial solid wastes. 
About one-third of the presented papers at the two 
symposia were selected for publication. The 25 
selected papers covered seven different subject 
areas: (1) contaminant and leaching assessments, 
(2) groundwater and contaminant migration assess- 
ments, (3) incineration of hazardous waste, (4) liner 
assessment, (5) site monitoring and assessments, (6) 
waste testing, and (7) waste treatment alternatives. 
It is the objective of these symposia to stimulate 
research and provide a forum for the exchange of 
new information and ideas on the management of 
hazardous and industrial waste. (See W89-01635 
thru W89-01660) (Geiger-PTT) 

W89-01634 


REMOTE SENSING METHODS FOR WASTE 
SITE SUBSURFACE INVESTIGATIONS AND 
MONITORING, 

Office of Radiation Programs, Las Vegas, NV. 
D. T. Wruble, J. J. van Ee, and L. G. McMillion. 
IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
243-253, 4 fig, 1 tab, 11 ref. 


Descriptors: *Groundwater pollution, *Geophysi- 
cal surveys, *Remote sensing, *Path of pollutants, 
*Aerial photography, *Infrared imagery, Monitor- 
ing, Waste disposal, Sampling, Plumes, Geophys- 
ics, Leaching. 


Detection and monitoring of subsurface contami- 
nation at waste disposal or storage sites can be 
expensive and uncertain with traditional sampling 
and measurement techniques. Remote sensing 
methods can greatly aid characterization of the 
subsurface and detection of contaminants in the 
vicinity of waste deposits. Inexpensive aerial 
remote sensing, such as photography or infrared 
scanning, can indicate subsurface contaminant 
movement and structure. Resistivity surveys and 
other surface remote sensor applications develop 
further details on subsurface geology and plumes. 
Most importantly, development of detailed vertical 
profiles with subsurface sensors provides indispen- 
sable data for ultimate characterization of the sub- 
surface environment. Subsurface geophysical 
remote sensing techniques commonly used for 
deep subsurface characterization associated with 
petroleum or mineral exploration must be modified 
to be used effectively in the shallow depth range 
associated with surface disposal or storage sites. 
(See also W89-01634) (Author’s abstract) 
W89-01648 


COMPLEX MATRIX IN ENVIRONMENTAL 
CHEMISTRY FOR THE PETROCHEMICAL 
INDUSTRY, 

Standard Oil Co. (Ohio), Cleveland. Research 
Center. 

For primary bibliographic entry see Field SA. 
W89-01649 


DEVELOPING GUIDES FOR SAMPLING AND 
ANALYSIS OF GROUND WATER, 

Dow Chemical Co., Baton Rouge, LA. Louisiana 
Div. 

For primary bibliographic entry see Field 7A. 
W89-01653 


SOIL MOISTURE MONITORING AND SAM- 
PLING PROBE FOR UNDERGROUND STOR- 
AGE TANKS AND SURFACE IMPOUND- 
MENTS, 

Wisconsin Univ., Madison. Dept. of Soil Science. 
For primary bibliographic entry see Field 5A. 
W89-01654 


PRACTICES FOR SAMPLING SOLID WASTES 
FROM POINT DISCHARGES AND IMPOUND- 
MENTS, 

Radian Corp., Austin, TX. 

For primary bibliographic entry see Field 7A. 
W89-01655 
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ASTM STANDARD LEACH TEST D3986: A 
HISTORY, 

U.S. Pollution Control, Inc., Oklahoma City, OK. 
For primary bibliographic entry see Field 5A. 
W89-01656 


RESULTS OF AN _ INTERLABORATORY 
STUDY OF A COLUMN METHOD FOR 
LEACHING SOLID WASTES, 

Western Michigan Univ., Kalamazoo. 

For primary bibliographic entry see Field 5B. 
W89-01657 


BATCH TYPE 24-H DISTRIBUTION RATIO 
FOR CONTAMINANT ADSORPTION BY SOIL 
MATERIALS, 

Illinois State Geological Survey Div., Champaign. 
Geochemistry Section. 

R. A. Griffin, W. A. Sack, W. R. Roy, C. C. 
Ainsworth, and I. G. Krapac. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
390-408, 1 fig, 10 tab, 5 ref, append. U.S. Environ- 
mental Protection Agency Cooperative Agree- 
ment CR-810245-01. 


Descriptors: *Standards, *Adsorption, *Path of 
pollutants, *Testing procedures, Kinetics, Soil 
properties, Leaching, Clays, Soil types, Mixing, 
Arsenic, Cadmium, Leachates. 


An investigation was undertaken to develop a 
standardized batch adsorption procedure that uses 
the initial and 24-h solution concentrations to cal- 
culate a distribution ratio between solutes and soil 
materials. In developing these procedures, it was 
found that the method of mixing the solute-soil 
mixtures influenced the amounts of solute ad- 
sorbed. To ensure reproducibility, a National 
Bureau of Standards rotating tumbler was adopted 
as the mixing system. An interval of 24 h was 
established as a valid operational definition of reac- 
tion time for determining distribution ratio values. 
Interlaboratory testing was conducted with arsenic 
and cadmium using soil materials having a range in 
—— properties. The interlaboratory co- 

ients of variation (CV) were generally less 
than 10%. The precision of a distribution ratio 
measurement for a species that meets the criteria of 
being stable and nonvolatile should yield percent 
CV within the range established. The method has 
not been tested for organic solutes and is not 
considered suitable for volatile chemical species. 
The method is considered a reliable and useful 
technique for comparing the adsorption properties 
of various soil materials under a given set of condi- 
tions. (See also W89-01634) (Author's abstract) 
W89-01658 


EVALUATION OF PAINT FILTER TEST 
METHOD TO DETERMINE FREE LIQUID IN 
WASTE SAMPLES, 

Empire-Thomsen, Groton, NY. 

For primary bibliographic entry see Field SE. 
W89-01659 


ABSORPTION OF HALOGENATED ORGANIC 
COMPOUNDS BY POLYMER MATERIALS 
COMMONLY USED IN GROUND WATER 
MONITORS, 

Gartner Lee Associates Ltd., Markham (Ontario). 
For primary bibliographic entry see Field SA. 
W89-01674 


GEOPHYSICAL SURVEY TO INVESTIGATE 
CONTAMINANT MIGRATION FROM A 
WASTE SITE, 

Woodward-Clyde Consultants, Baton Rouge, LA. 
For primary bibliographic entry see Field SB. 
W89-01677 


IMPEDANCE COMPUTED TOMOGRAPHY 
ALGORITHM AND SYSTEM FOR GROUND 
WATER AND HAZARDOUS WASTE IMAG- 
ING, 
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Manitoba Univ., Winnipeg. Dept. of Electrical En- 
gineering. 

For primary bibliographic entry see Field 2F. 
W89-01678 


TOMOGRAPHIC IMAGING OF GROUND 
WATER POLLUTION PLUMES, 

Faraci (E.J.) and Associates, Winnipeg (Manitoba). 
For primary bibliographic entry see Field 2F. 
W89-01679 


PRACTICAL METHODOLOGY FOR PROC- 
ESSING AND VALIDATION OF WATER 
QUALITY DATA, 

Hydrometrics, Inc., Helena, MT. 

M. K. Botz. 

IN: Hazardous Wastes in Ground Water: A Solu- 
ble Dilemma. National Water Well Association, 
Dublin, OH. 1985. p 202-205, 2 fig, 9 ref. 


Descriptors: *Water quality, *Pollutant identifica- 
tion, *Hydrologic data collection, *Data process- 
ing, *Statistical methods, Computers, Quality con- 
trol. 


The correctness of water quality data can be deter- 
mined before inclusion in a data base by using a 
computer-based technique for data screening, test- 
ing and comparison. Ion balances, performance on 
quality control samples, and other tests of laborato- 
ry results are used to determine analytical accura- 
cy and precision. Comparisons with past data using 
trend analysis, Student’s t-tests, graphical plots and 
regression analyses also can identify analytical 
errors. After determination of data to be rejected, 
retesting of these samples for specific parameters 
and selection of final data values results in a signifi- 
cantly more reliable data base. (See also W89- 
01661) (Author's abstract) 

W89-01684 


SIMULATING TROUT FEEDING STATIONS 
IN INSTREAM FLOW MODELS, 

Washington State Dept. of Game, Olympia. 

For primary bibliographic entry see Field 2H. 
W89-01741 


UNDERGROUND STORAGE SYSTEMS: LEAK 
DETECTION AND MONITORING, 
Groundwater Technology, Inc., Annapolis Junc- 
tion, MD. 

For primary bibliographic entry see Field 5A. 
W89-01765 


RECOMMENDED BIQLOGICAL INDICES 
FOR 301(H) MONITORING PROGRAMS, 
Environmental Protection Agency, Washington, 
DC. Office of Marine and Estuarine Protection. 
G. R. Bilyard, and M. B. Brooks-McAulilffe. 
Available from the National Technical Information 
Service, Springfield, VA. 22161, as PB87-221560. 
Price codes: A02 in paper copy, AO1 in microfiche. 
EPA Report No. EPA 430/9-86-002, March 1987. 
17 p, 1 tab, 52 ref. 


Descriptors: *Water quality, *Regulations, *Envi- 
ronmental impact, ‘*Bioindicators, *Standards, 
*Monitoring, Biological studies, Biomass, Species 
diversity. 


The 301(h) regulations require dischargers to con- 
duct periodic surveys of those biological communi- 
ties that are most likely to be affected by the 
modified discharge. The data from these surveys 
are used to compare biological conditions in the 
vicinity of the discharge with biological conditions 
in reference areas. One approach to making such 
comparisons involves the use of biological indices 
that reduce complex data sets into simple numeri- 
cal relationships. The purpose of this document is 
to develop recommendations of those indices thai 
should be used in the interpretation of 301(h) bio- 
logical monitoring data. The Bray-Curtis similarity 
index, flexible sorting strategy, group average sort- 
ing, dominance flexible sorting strategy, infaunal 
index, biomass estimates, Hurlbert’s PIE diversity 
index, and the Shannon-Wiener H’index are dis- 
cussed and evaluated. (Lantz-PTT) 


W89-01812 


VADOSE ZONE MODELING OF ORGANIC 
POLLUTANTS. 

For primary bibliographic entry see Field 5B. 
W89-01859 


OVERVIEW OF TERRESTRIAL PROCESSES 
AND MODELING, 

Aqua Terra Consultants, Palo Alto, CA. 

For primary bibliographic entry see Field 5B. 
W89-01860 


PHENOMENOLOGICAL PERSPECTIVE OF 
ECOLOGICAL DEVELOPMENT, 

Maryland Univ., Solomons. Chesapeake Biological 
Lab. 

For primary bibliographic entry see Field SC. 
W89-01898 


CAN BIOLOGICAL MONITORING EARLY 
WARNING SYSTEMS BE USEFUL IN DE- 
TECTING TOXIC MATERIALS IN WATER, 
Army Medical Bioengineering Research and De- 
velopment Lab., Fort Detrick, MD. Health Effects 
Research Div. 

For primary bibliographic entry see Field 5A. 
W89-01901 


VALIDATION OF COLLABORATIVE TEST- 
ING GUIDELINES, 

Environmental Protection Agency, Las Vegas, 
NV. Quality Assurance Div. 

For primary bibliographic entry see Field 5A. 
W89-01917 


WHY ROUND-ROBIN TESTING WITH ZOO- 
PLANKTON OFTEN FAILS TO PROVIDE AC- 
CEPTABLE RESULTS, 

Dow Chemical U.S.A., Midland, MI. Dept. of 
Environmental Quality. 

For primary bibliographic entry see Field 5A. 
W89-01918 


FACTORS AFFECTING THE CULTURE OF 
DAPHNIA MAGNA, 

Unilever Research Port Sunlight Lab., Bebington 
(England). 

For primary bibliographic entry see Field 5A. 
W89-01919 


APPLICABILITY OF USING A SINGLE LABO- 
RATORY EVALUATION TO SELECT CANDI- 
DATES FOR COLLABORATIVE TESTING: EX- 
PERIENCE WITH A SOIL TOXICITY BIOAS- 
SAY, 

North Texas State Univ., Denton. Dept. of Biolog- 
ical Sciences. 

For primary bibliographic entry see Field 5A. 
W89-01923 


NEW AQUATIC BIOASSAY TECHNIQUE 
USING WYEOMYIA SMITHII, THE PITCHER- 
PLANT MOSQUITO, 

Air Force Occupational and Environmental 
Health Lab., Brooks AFB, TX. 

For primary bibliographic entry see Field 5A. 
W89-01937 


EFFECTS OF SMALL FISH PREDATION ON 
MICROCOSM COMMUNITY BIOASSAY, 
Washington Univ., Seattle. Coll. of Ocean and 
Fishery Sciences. 

For primary bibliographic entry see Field 5A. 
W89-01938 


COMPARISON OF SYSTEM DESIGN AND RE- 
PRODUCIBILITY TO ESTIMATE BIOCON- 
CENTRATION OF DI-N-HEXYLPHTHALATE 
BY DAPHNIA MAGNA, 

New York Cooperative Fishery Research Unit, 
Ithaca, NY. 


For primary bibliographic entry see Field 5A. 
W89-01943 


STATISTICAL TEST PROCEDURE FOR EF- 
FLUENT TOXICITY SCREENING, 

SCI Data Systems, Inc., Annapolis, MD. 

For primary bibliographic entry see Field 5A. 
W89-01949 


ISOLATION AND CHEMICAL CHARACTER- 
IZATION OF PETROLEUM REFINERY 
WASTEWATER FRACTIONS ACUTELY 
LETHAL TO DAPHNIA MAGNA, 

Enwright Labs., Greenville, SC. 

For primary bibliographic entry see Field 5A. 
W89-01950 


BIOLOGICAL IMPLICATIONS OF THE MAN- 
AGEMENT OF WASTE MATERIALS: THE IM- 
PORTANCE OF INTEGRATING MEASURES 
OF EXPOSURE, UPTAKE, AND EFFECTS, 
National Ocean Service, Seattle, WA. Ocean As- 
sessments Div. 

For primary bibliographic entry see Field 7A. 
W89-01951 


USING THE NATURAL DETOXIFICATION 
CAPACITIES OF MARINE ORGANISMS TO 
ASSESS ASSIMILATIVE CAPACITY, 

Southern California Coastal Water Research 
Project Authority, Long Beach. 

For primary bibliographic entry see Field 5B. 
W89-01953 


MODEL FOR PREDICTING THE INFLUENCE 
OF SUSPENDED SEDIMENTS ON THE BIOA- 
VAILABILITY OF NEUTRAL ORGANIC 

THE WATER COMPART- 


, 
Monsanto Co., St. Louis, MO. 
C. A. Staples, K. L. Dickson, J. H. Rodgers, and 
F. Y. Saleh. 
IN: — Toxicology and Hazard Assessment: 
Seventh Symposium. A Symposium Sponsored by 
American Society for Testing and Materials Com- 
mittee E-47 on Biological Effects and Environ- 
mental Fate, Milwaukee, Wisconsin, April 17-19, 
1983. ASTM Special Technical Publication 854, 
1985. p 417-428, 2 fig, 5 tab, 21 ref. 


*Aquatic toxicology, *Model studies, *Sus 
sediments, *Organic compounds, *Bioavailability, 
Water pollution effects, Water quality, Suspended 
solids, Dieldrin, Acenaphthene, Chrysene, Chemi- 
cal analysis. 


Descriptors: *Path of pollutants, Bowes 


Site-specific water quality criteria may evolve 
from national water quality criteria based on site 
water characteristics. Suspended solids may be an 
important modifying parameter. A model is pre- 
sented relating suspended solids characteristics (or- 
ganic carbon content and suspended solids concen- 
tration) with a neutral organic chemical’s sorption 
coefficient. Investigation of case studies with ace- 
naphthene, dieldrin, and chrysene shows the dis- 
solved and particulate-bound fractions (C sub d 
and C sub p) of total chemical concentration (C 
sub t) to be dependent upon these factors. The 
model may be used to predict C sub p and C subd 
in site waters. The model shows that chemicals 
with low K sub p values in the presence of low 
suspended solids concentrations and organic 
matter are relatively unaffected by suspended 
solids. Conversely, chemicals with high K sub p 
values, high suspended solids concentrations, and 
organic matter would be primarily sorbed to sus- 
pended solids. (See also W89-01930) (Author's ab- 
stract) 

W89-01956 


BASIC PRINCIPLES AND PRACTICES ON 
THE ANALYSIS OF PESTICIDES, 

National Water Research Inst., Burlington (Ontar- 
io). 

For primary bibliographic entry see Field 5A. 





W89-01970 


POSITIVE IDENTIFICATION OF PESTICIDE 
RESIDUES BY CHEMICAL DERIVATIZA- 
TION-GAS CHROMATOGRAPHIC TECH- 


National Water Research Inst., Burlington (Ontar- 
io). 

For primary bibliographic entry see Field 5A. 
W89-01971 


ANALYSIS OF PESTICIDES IN WATER. 
VOLUME II: CHLORINE- AND PHOSPHO- 
RUS-CONTAINING PESTICIDES. 

For primary bibliographic entry see Field 5A. 
W89-01973 


ORGANOCHLORINE PESTICIDES, 

National Water Research Inst., Burlington (Ontar- 
io). Analytical Methods Div. 

For primary bibliographic entry see Field 5A. 
W89-01974 


ANALYSIS OF PESTICIDES IN WATER. 
VOLUME III: NITROGEN-CONTAINING PES- 
TICIDES. 

For primary bibliographic entry see Field 5A. 
W89-01977 


MODERN TRENDS IN TRACER HYDROLO- 
GY. VOLUME I. 

For primary bibliographic entry see Field 2F. 
W89-01981 


HYDROLOGICAL TRACERS, 

Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

E. Gaspar. 

IN: Modern Trends in Tracer Hydrology. Volume 
I. CRC Press, Inc., Boca Raton, FL. 1987. p 1-48, 
21 fig, 3 tab, 131 ref. 


Descriptors: *Groundwater movement, *Hydro- 
logic studies, *Tracers, *Radioactive tracers, Dye 
releases, Fluorescence, Biological studies, Radioi- 
sotopes. 


There is no such thing as a perfect tracer. Howev- 
er, the concept of an ideal tracer proves useful in 
the selection of artificial tracers, the search for 
environmental tracers, and, more particularly, the 
development of mathematical models. An ideal 
tracer should boast a number of properties; so, for 
instance, it should be easily detectable, used in 
small quantities, not modify the hydraulic charac- 
teristics of the aquifer, be inexpensive to purchase 
and use, not be sorbed by the medium, have (if 
radioactive) a useful half-life and low toxicity, and 
not appear in large amounts in the tracer medium. 
Tracer methods are employed in hydrology to 
detect and measure water flow characteristics. 
They are regular methods of work which hydrolo- 
gists may easily apply to: rapid assessment; obtain- 
ing more accurate data; quantitative measurements; 
performance of difficult operations, such as the 
establishment of interaquifer connections; econom- 
ic measurements; and obtainment of data in the 
case of which the application of other methods 
would yield no results. The substances most liable 
to behave the way water does in a given environ- 
ment are those whose peripheral electrons boast 
sizes and densities similar to those of the water 
molecules. This chapter devotes itself to the study 
of the following classes of tracers: (1) chemical 
tracers; (2) fluorescent dye tracers; (3) radioactive 
tracers; (4) activable tracers; (5) biological tracers; 
(6) surface-active tracers; (7) episodic tracers; and 
(8) environmental isotopes. (See also W89-01981) 


(Lantz- 
W89-01982 


BEHAVIOR OF ARTIFICIAL TRACERS, 
Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

E. Gaspar. 

IN: Modern Trends in Tracer Hydrology. Volume 


I. CRC Press, Inc., Boca Raton, FL. 1987. p 49-79, 
5 fig, 52 ref. 


Descriptors: *Artificial tracers, *Tracers, *Hydro- 

logic studies, *Groundwater movement, Chemical 

— Physical properties, Sorption, Toxicity, 
‘osts. 


The only way to determine whether a tracer may 
be chemically representative for a certain element 
is to use that element. For instance, in the study of 
pollution with pesticides one may note that after 
utilization they divide into three components: a 
part migrates along with the water, a part remains 
in the soil, and another part is incorporated by 
plants. For instance, some pesticides contain H, C, 
Cu, Cl, or Br in their molecule. Therefore, synthe- 
sizing the product and labeling it with 3-H, 14-C, 
64-Cu, or 82-Br, a pollution tracer is obtained 
which is both an intrinsic and a representative 
tracer. However, impurities may easily lead to 
incorrect results. If radioactive impurities are toler- 
ated adequate measures should be taken for meas- 
urement, like, for instance, the use of spectrometric 
methods. However, the behavior of radioactive 
impurities in the traced medium may be (and gen- 
erally is) different from that of the tracer. There 
are three types of impurities: natural, isotopic, and 
technological. Other factors which can influence 
the behavior of tracers discussed include: (1) hy- 
draulic compatibility; (2) the nature of investigated 
media; (3) the physicochemical properties of trac- 
ers; (4) tracer stability; (5) sorption; (6) tracer 
toxicity; and (7) cost and availability. (See also 
W89-01981) (Lantz-PTT) 

W89-01983 


TRACER METHODOLOGY IN HYDROLOGY, 
Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

For primary bibliographic entry see Field 2A. 
W89-01984 


MODERN TRENDS IN TRACER HYDROLO- 
GY. VOLUME II. 

For primary bibliographic entry see Field 2F. 
W89-01986 


CHARACTERISTICS OF AQUIFERS’ IN 
POROUS MEDIA, 

Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

For primary bibliographic entry see Field 2F. 
W89-01987 


FLOWTHROUGH HYDROKARSTIC STRUC- 
TURES, 


Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

For primary bibliographic entry see Field 2F. 
W89-01988 


TRACER INVESTIGATIONS IN 
MAL SYSTEMS, 

Institutul de Meteorologie si Hidrologie, Bucharest 
(Romania). Environmental Isotope Lab. 

For primary bibliographic entry see Field 2F. 
W89-01989 


GEOTHER- 


VARIATION IN QUANTIFICATION OF CON- 
CENTRATIONS OF TOXIC CHEMICALS IN 
FISH FROM THE LAURENTIAN GREAT 
LAKES: THE GOOD, THE BAD AND THE 
MANAGEABLE, 

Michigan State Univ., East Lansing. Dept. of Fish- 
eries and Wildlife. 

For primary bibliographic entry see Field 5B. 
W89-02122 


EVALUATION OF TOXICITY PROFILES OF 
ORGANIC CHEMICALS: USEFULNESS OF 
ECOTOXICOLOGICAL BASIC TEST SET OF 
OECD, 

Chemicals Inspection and Testing Inst., Oita 
(Japan). Hita Research Labs. 

For primary bibliographic entry see Field 5A. 
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W89-02129 


INDEXES FOR ASSESSING FISH BIOMASS 
AND YIELD IN RESERVOIRS, 

Aquatic Ecosystem Analysts, Fayetteville, AR. 
For primary bibliographic entry see Field 7C. 
W89-02146 


NATIONAL PESTICIDES IN 
SURVEY, 

Environmental Protection Agency, Chicago, IL. 
Environmental Services Div. 

For primary bibliographic entry see Field 5A. 
W89-02213 


WELL WATER 


REVIEW OF SOME OF THE PHYSICAL, 

CHEMICAL AND ISOTOPIC TECHNIQUES 

AVAILABLE FOR ESTIMATING GROUND- 

WATER RECHARGE, 

Commonwealth Scientific and Industrial Research 

oe Glen Osmond (Australia). Div. of 
ils. 

For primary bibliographic entry see Field 2F. 

W89-02227 


SATELLITE REMOTE SENSING AND 
ENERGY BALANCE MODELLING FOR 
WATER BALANCE ASSESSMENT IN (SEMI-) 
ARID REGIONS, 

Vrije Univ., Amsterdam (Netherlands). Inst. voor 
Aardwetenschappen. 

A. A. van de Griend, and R. J. Gurney. 

IN: Estimation of Natural Groundwater Recharge. 
Mathematical and Physical Sciences Vol. 222. D. 
Reidel Publishing Co., Boston, Massachusetts. 
1988. p 89-116, 10 fig, 1 tab, 46 ref. 


Descriptors: *Remote sensing, *Hydrologic 
budget, *Semiarid lands, *Satellite technology, 
*Arid lands, *Soil water, *Data acquisition, 
*Model studies, Satellite technology, Energy, 
Monitoring, Infrared radiation, Microwaves, Eva- 
potranspiration. 


The terms of the water balance in semi-arid regions 
may be monitored using different types of remote- 
ly sensed information from satellites. Such an inte- 
grated approach focuses on the possibilities of 
monitoring the soil moisture status and evapotran- 
spiration over time from the combination of: (1) 
thermal infrared, (c) visible and near infrared, and 
(3) passive microwave remote sensing. Actual re- 
charge depends on subsurface geohydrological 
conditions for percolation to underlying aquifers, 
and may vary between localized concentrated per- 
colation on the »ne hand and more regional diffuse 
percolation on the other. The surface energy bal- 
ance may be mcdelled using thermal infrared sur- 
face temperature observations and large scale, near 
surface meteorological information, which allows 
the evapotranspiration rate to be estimated and the 
soil moisture status to be inferred together with 
stress conditions of the vegetation. This requires a 
remotely sensed estimate of the vegetation cover 
and biomass which may be derived from visible 
and NIR signatures. Separately, the soil moisture 
status of the top soil may be derived from passive 
microwave signatures. (See also W89-02223) 
(Lantz-PTT) 

W89-02229 


NATURAL RECHARGE MEASUREMENTS IN 
THE HARD ROCK REGIONS OF SEMI-ARID 
INDIA USING TRITIUM INJECTION - A 
REVIEW, 

International Crops Research Inst. for the Semi- 
Arid Tropics, Patancheru (India). 

R. N. Athavale, and R. Rangarajan. 

IN: Estimation of Natural Groundwater Recharge. 
Mathematical and Physical Sciences Vol. 222. D. 
Reidel Publishing Co., Boston, Massachusetts. 
1988. p 175-194, 6 fig, 2 tab, 14 ref. 


Descriptors: *Groundwater recharge, *Data acqui- 
sition, *Semiarid lands, *Recharge, *Tracers, 
*India, *Tritium, Injection, Rocks, Monsoon, Soil 
water, Aquifers, Rainfall, Precipitation. 
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Hard rocks cover about 66% of the land area of 
India. They are mainly located in the semi-arid 
tropical belt characterized by seasonal (monsoonal) 
precipitation. The main rock types are Granites 
and Basalt and the corresponding soil types are 
Alfisols and Vertisols. Natural recharge to phreatic 
aquifers of this region has been estimated in the 
case of several large basins (area 500 sq km and 
more) and two watersheds (area around 50 sq km) 
using the Tritium injection technique. Tritium was 
injected at representative sites before onset of mon- 
soon and the displacement of Tritium peak and 
variation of moisture content in vertical soil pro- 
files collected in post-monsoon period were used 
for determining spot values of recharge due to 
precipitation. The average recharge values show a 
range from almost nil to about 100 mm depending 
upon the soil type, temperature, rainfall amount 
and pattern, geohydrological conditions etc. Sys- 
tematic recharge measurements over large areas 
would provide a useful basis for optimal utilization 
of the replenishable but limited groundwater re- 
serves of semiarid tropical regions. The recharge 
measurements will also form a primary database 
for artificial recharge programs which would be 
needed for meeting the increasing demand for 
groundwater by farmers of the semiarid tropical 
regions. (See also W89-02223) (Lantz-PTT) 
W89-02234 


COMPARISON OF RECHARGE ESTIMATES 
FROM INJECTED TRITIUM TECHNIQUE 
AND REGIONAL HYDROLOGICAL MODEL- 
LING IN THE CASE OF A GRANITIC BASIN 
IN SEMIARID INDIA, 

National Geophysical Research Inst., Hyderabad 
(India). 

For primary bibliographic entry see Field 2F. 
W89-02235 


NUMERICAL AND CONCEPTUAL MODELS 
FOR RECHARGE ESTIMATION IN ARID AND 
SEMI-ARID ZONES, 

Birmingham Univ. (England). Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 2F. 
W89-02237 


PRINCIPLES OF INVERSE MODELLING FOR 
ESTIMATION OF RECHARGE FROM HY- 
DRAULIC HEAD, 

Commonwealth Scientific and Industrial Research 
Organization, Wembley (Australia). Div. of 
Groundwater Research. 

For primary bibliographic entry see Field 2F. 
W89-02239 


ESTIMATING NATURAL RECHARGE OF 
GROUND WATER BY MOISTURE ACCOUNT- 
ING AND CONVOLUTION, 

Orange Free State Univ., Bloemfontein (South 
Africa). Inst. vir Grondwaterstudies. 

For primary bibliographic entry see Field 2F. 
W89-02240 


BALSEQ - A MODEL FOR THE ESTIMATING 
OF WATER BALANCES, INCLUDING AQUI- 
FER RECHARGES, REQUIRING SCARCE HY- 
DROLOGIC DATA, 

Laboratorio Nacional de Engenharia Civil, Lisbon 
(Portugal). 

For primary bibliographic entry see Field 2F. 
W89-02242 


GROUNDWATER RECHARGE FROM THREE 
CHEAP AND INDEPENDENT METHODS IN 
THE SMALL WATERSHEDS OF THE RAIN 
FOREST BELT OF NIGERIA, 

Nigeria Univ., Nsukka. Dept. of Geology. 

For primary bibliographic entry see Field 2F. 
W89-02251 


SIMPLE ANALYTICAL METHODS FOR ESTI- 
MATING SHORT-TERM RAINFALL, 

Army Topographic Command, Washington, DC. 
For primary bibliographic entry see Field 2B. 


W89-02261 


NODAL DOMAIN INTEGRATION MODEL OF 
TWO-DIMENSIONAL HEAT AND _ SOIL- 
WATER FLOW COUPLED BY SOIL-WATER 
PHASE CHANGE, 

Williamson and Schmid, Irvine, CA. 

For primary bibliographic entry see Field 2G. 
W89-02265 


TOXICITY ASSAYS AND MOLECULAR 
STRUCTURE TOXICITY, 

Drexel Univ., Philadelphia, PA. 

For primary bibliographic entry see Field SD. 
W89-02270 


COMPETITIVE KINETIC MODEL OF SUS- 
PENDED-GROWTH INHIBITED BIOLOGICAL 
SYSTEMS, 

Pontificia Univ. Catolica de Chile, Santiago. Dept. 
of Hydraulic Engineering. 

For primary bibliographic entry see Field SD. 
W89-02271 


7C. Evaluation, Processing and 
Publication 


RIVER-BEND CURVATURE AND MIGRA- 
TION: HOW ARE THEY RELATED, 
Florida State Univ., Tallahassee. Dept. of Geolo- 


gy. 
For primary bibliographic entry see Field 2J. 
W89-01336 


GROUNDWATER QUALITY BENEATH THE 
CITY OF LONDON: OVERVIEW AND LONG- 
TERM CHANGES, 

For primary bibliographic entry see Field 5B. 
W89-01353 


BETTER THAN ‘OPTIMAL’ METHOD FOR 
DESIGNING DRAINAGE SYSTEMS, 

CDM, Raleigh, NC. 

For primary bibliographic entry see Field 4A. 
W89-01365 


OBJECTIVE RAINFALL EVALUATION IN 
RADAR HYDROLOGY, 

INTERA Technologies Ltd., Calgary (Alberta). 
N. R. Dalezios. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWPEDS, Vol. 114, No. 5, p 531- 
546, September 1988. 5 fig, 2 tab, 20 ref. 


Descriptors: *Statistical analysis, *Rainfall, 
*Radar, *Depth-area-duration analysis, *Areal pre- 
cipitation, Weather data collections, Comparison 
studies, Rain gages, Rainstorms, Precipitation, 
Grand River Basin, Canada, Performance evalua- 
tion. 


A newly developed bivariate statistical analysis is 
compared to several rainfall analyses, namely the 
radar univariate analysis, the reciprocal-distance 
raingage interpolation model, the Brandes field 
adjustment procedure, and the ‘optimum’ raingage 
analysis. A number of statistics also are computed 
and used to evaluate the results. Several warm- 
season storms are examined over the Grand River 
Basin above Cambridge in southern Canada. Based 
on the selected criteria, the analyzed storms indi- 
cate that, in general, most of the techniques in the 
comparison performed similarly, with the excep- 
tion of the radar univariate analysis, which is con- 
sidered unsatisfactory. (Author’s abstract) 
W89-01368 


SPATIAL CORRELATION OF HYDROLOGIC 
TIME SERIES, 

Miami Univ., Coral Gables, FL. Dept. of Civil and 
Architectural Engineering. 

D. A. Chin. 

Journal of Water Resources Planning and Manage- 
ment (ASCE) JWPEDS, Vol. 114, No. 5, p 578- 


593, September 1988. 11 tab, 5 ref. 


Descriptors: *Statistical methods, *Time series 
analysis, *Correlation analysis, *Hydrologic data 
collections, *Estimating, Data interpretation, Fluc- 
tuations, Statistical methods, Missing data, Uncon- 
fined aquifers, Water table fluctuations, Florida. 


A methodology for extracting random components 
and estimating the relationship between coherent 
components of hydrologic time series is presented. 
The technique has been verified using synthetic 
data and validated using measured data. The re- 
sults show that random component statistics are 
accurately estimated, and the correct relation be- 
tween pairs of stationary and nonstationary time 
series are estimated for frequency components 
whose amplitude significantly exceeds the standard 
deviation of the random component. Applying the 
method to measured, nonstationary hydrologic 
data (water table fluctuations in the unconfined 
Biscayne aquifer, Florida) demonstrated that the 
technique was able to accurately predict the meas- 
ured fluctuations in 9 of the 12 years considered. 
Significant portions of the spectrum of the meas- 
ured series were found to have characteristics con- 
sistent with the existence of a random component. 
A primary application of the results of this study is 
to fill in missing data at one location based on 
measured data at an adjacent location. (Author’s 
abstract) 

W89-01371 


HEALTH ASPECTS OF THE USE OF RECY- 
CLED WATER IN WINDHOEK, SWA/NA- 
MIBIA, 1974-1983, 

University of the Witwatersrand, Johannesburg 
(South Africa). 

For primary bibliographic entry see Field 5F. 
W89-01378 


INTERPRETATION OF WELL AND FIELD 
DATA IN A HETEROGENEOUS LAYERED 
AQUIFER SETTING, APPALACHIAN PLA- 
TEAU, 

Northern Illinois Univ., De Kalb. Dept. of Geolo- 


gy. 
For primary bibliographic entry see Field 2F. 
W89-01405 


THREE-DIMENSIONAL, CROSS-SEMIVARIO- 
GRAM CALCULATIONS FOR HYDROGEOLO- 
GICAL DATA, 

Oregon State Univ., Corvallis. Dept. of Agricul- 
tural Engineering. 

J. D. Istok, R. M. Cooper, and A. L. Flint. 

Ground Water GRWAAR, Vol. 26, No. 5, p 638- 
646, September-October 1988. 3 fig, 6 tab, 12 ref. 


Descriptors: *Data interpretation, ‘*Statistical 
methods, *Geohydrology, *Computer programs, 
*Multivariate analysis, Fortran, Automation, Com- 
puters. 


Geostatistics is a powerful tool for the analysis of 
hydrogeological data, but few well-documented 
computer programs for performing the necessary 
calculations have been presented in the technical 
literature. This is especially true for applications 
that require either three-dimensional or multivar- 
iate analyses). FORTRAN subroutine, VARIO, 
that can be used to compute experimental direct 
and cross semivariograms from a set of sample 
data, for any specified direction in one-, two-, or 
three-dimensional space is described. The subrou- 
tine combines into groups those sample pairs that 
fall within predetermined angular tolerances of the 
specified direction. The number of sample pairs 
used to compute the value of the experimental 
semivariogram at each value of separation can be 
specified in four different ways, depending on the 
nature of the available data. Written in FOR- 
TRAN 77, VARIO can be used on any computer 
that supports a FORTRAN 77 compiler. Source 
code listing, user instructions, and example input 
and output data for VARIO are presented. (Au- 
thor’s abstract) 

W89-01410 





DEVELOPMENT AND APPLICATION OF A 
GROUND WATER MODELING DATABASE 
AND EXPERT SYSTEM, 

Rice Univ., Houston, TX. Dept. of Environmental 
Science and ae. 

C. J. Newell, and P. B. jient. 

IN: Proceedings of the NWWA/API Conference 
on Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. National Water Well Association, 
Dublin, OH. 1987. p 559-578, 7 fig, 1 tab, 8 ref. 


Descriptors: *Model studies, *Data bases, *Geohy- 
drology, *Monte Carlo method, *Hazardous 
wastes, *Aquifer characteristics, Hydrologic data 
collections, Site selection, Groundwater manage- 
ment, Statistical methods, Land disposal, Waste 
disposal, Geohydrology, Expert systems. 


Statistical groundwater models using a Monte 
Carlo approach are pay | proposed by the EPA as 
a screening tool for the land disposal of hazardous 
wastes. One limitation to the proposed approach is 
that the screening method assumes a nationwide 
distribution of aquifer parameters, making it diffi- 
cult to account for site specific conditions. The 
goal of this research is to develop an integrated 
computer system consisting of a new hydrogeolo- 
gic database, a stochastic model, and an expert 
system that will expand the capabilities of the 
regulatory groundwater model. The database is 
being developed from actual field data collected 
from an extensive technical survey of groundwater 
professionals. The technical survey is being con- 
ducted together with the NWWA and is funded by 
the American Petroleum Institute to gather data on 
the large number of hydrogeologic investigations 
that have been conducted to characterize waste 
sites but have not been reported in the technical 
literature. The hydrogeologic database is being 
organized into hydrogeologic settings, with each 
setting having statistical distributions of aquifer 
parameters. The division into hydrogeologic set- 
tings allows more of a site specific approach to 
Monte Carlo groundwater modeling. A potential 
user of the hydrogeologic database will be assisted 
by an expert system. The expert system will pro- 
vide the necessary knowledge to help the user 
select the correct hydrogeologic settings for a par- 
ticular site of interest. Data associated with the 
setting will then be available for characterization 
of the site or for use in a stochastic groundwater 
model. A prototype expert system for selecting 
hydrogeologic settings has now been developed 
and evaluated. (See also W89-01530) (Author’s ab- 
stract) 

W89-01563 


RATIONALE FOR SAMPLING AND INTER- 
PRETATION OF ECOLOGICAL DATA IN THE 
ASSESSMENT OF FRESHWATER ECOSYS- 


TEMS. 
For primary bibliographic entry see Field 7B. 
W89-01599 


RATIONALE FOR DATA COLLECTION AND 
INTERPRETATION IN THE NORTHERN 
LAKES LONG-TERM ECOLOGICAL’ RE- 
SEARCH PROGRAM, 

Wisconsin Univ.-Madison. Center for Limnology. 
For primary bibliographic entry see Field 7A. 
W89-01601 


INTERPRETATION OF IN SITU GROUND- 
WATER QUALITY FROM WELL SAMPLES, 
I. Metzger. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
oan rer Philadelphia, PA. 1986. p 76-85, 7 fig, 2 
tab, 7 ref. 


Descriptors: *Water quality, *Groundwater qual- 
ity, *Monitoring, *Path of pollutants, *Sampling, 
*Data interpretation, Test wells, Theoretical analy- 
sis, Sampling, Groundwater recharge, Zinc, Bio- 
chemical oxygen demand, Iron, Manganese, Lead, 
Phenols, Color, Turbidity, Landfills, Leaching. 


The differences between water quality determina- 
tions made from monitoring wells and actual in situ 
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groundwater quality or projected quality as with- 
drawn from water supply wells may be significant, 
and misleading. For unconfined aquifers, several 
factors regarding monitoring wells can influence 
water quality withdrawn from them in comparison 
with in situ conditions. Bacterial growth on 
screens required on some monitoring wells may 
change water quality. The exchange of gases, dif- 
fusion, and mixing may be affected by sustained 
pumpage at a well, such as a water supply well. 
Sampling procedures may also disturb water qual- 
ity. Groundwater quality observations were made 
for a 200,000 sq m existing landfill for leachate 
control purposes, and for planning and design of a 
40,000 sq m expansion along the southerly bounda- 
ry. Field measurements reported in original plan- 
ning studies for the landfill were used to estimate 
the water contours as they existed prior to landfill- 
ing. The effects of landfilling on groundwater re- 
charge and movement are discussed. Since 1976, 
annual samples from the monitoring wells have 
been taken for testing of water quality parameters. 
The number of annual samples which exceeded 
drinking water criteria are tallied and discussed in 
relation to turbidity, color, lead, iron, manganese, 
zinc, biochemical oxygen demand, and phenol. 
(See also W89-01599) (Author’s abstract) 
W89-01605 


USE OF DETRENDED CORRESPONDENCE 
ANALYSIS IN EVALUATING FACTORS CON- 
TROLLING SPECIES COMPOSITION OF PER- 
IPHYTON, 

Geological Survey, Menlo Park, CA. Water Re- 
sources Div. 

H. V. Leland, and J. L. Carter. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 101-117, 7 fig, 
1 tab, 41 ref. 


Descriptors: *Statistical analysis, *Species compo- 
sition, *Periphyton, *Environmental effects, 
*Aquatic plants, *Water pollution effects, 
*Copper, Ecological effects, Streams, Toxicity, 
Succession, Plant populations, Spatial distribution, 
Temporal distribution. 


Detrended correspondence analysis (DCA) was 
evaluated for its usefulness in elucidating relation- 
ships among samples and among species of peri- 
phyton in an oligotrophic stream, and for its effec- 
tiveness in displaying major gradients where an 
experimental gradient (copper) affecting species 
composition was imposed. It was highly sensitive 
to differences among samples and consistently pro- 
vided ecologically meaningful species ordination. 
Gradients related to seasonality of taxa and year- 
to-year differences in population densities were 
evident in DCA ordinations if data for all sampling 
dates were included, and these gradients compli- 
cated interpretation of the copper gradient. Clear 
discontinuities between samples in control and 
copper-treated stream sections existed only if data 
for each sampling date were ordinated separately. 
Prior to copper exposure, stage of succession of 
the community was the major gradient displayed 
in species ordinations. During periods of exposure, 
sensitivity of taxa to copper was the primary factor 
controlling the spatial distribution of periphyton. 
Stage of succession was a secondary gradient 
during exposure and complicated interpretation of 
the copper gradient after a major disturbance event 
(flooding). (See also W89-01599) (Author’s ab- 
stract) 
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SAMPLING AND INTERPRETATION OF 
ALGAL PATTERNS FOR WATER QUALITY 
ASSESSMENTS, 

Louisville Univ., KY. Dept. of Biology. 

R. J. Stevenson, and R. L. Lowe. 

IN: Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwater 
Ecosystems. American Society for Testing and 
Materials, Philadelphia, PA. 1986. p 118-149, 1 fig, 
146 ref. 


Descriptors: *Water quality, *Algae, *Aquatic 
productivity, *Ecological effects, *Monitoring, 


*Sampling, Aquatic populations, Population dy- 
namics, Diatoms, Species diversity, Environmental 
effects, Data interpretation, Habitats, Species com- 
position. 


Algal studies are valuable in water quality assess- 
ment because of their importance in aquatic eco- 
systems and sensitivity to changes in habitat condi- 
tions. Recent advances in algal ecology and sample 
analysis enable the designing of research that more 
directly reveals patterns of algal community struc- 
ture and function that are pertinent to different 
kinds of environmental perturbations. In addition, 
advances in quantitative algal ecology enable more 
accurate interpretation of the importance of envi- 
ronmental perturbations on algal community struc- 
ture and function. Recent advances in algal ecolo- 
gy are incorpoarted into suggestions on how to 
design algal research for water quality assessment 
and methods for sample analysis, presents statisti- 
cal techniques which can be useful for analyzing 
results, and reviews interpretations of the results. 
(See also W89-01599) (Author’s abstract) 
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LOW-COST DATA MANAGEMENT FOR PRO- 
TECTION OF GROUND-WATER RESOURCES: 
THE IMPORTANCE OF QUALITY ASSUR- 
ANCE, 

Louisiana Dept. of Environmental Quality, Baton 
Rouge. 

W. B. DeVille, and J. A. Malloy. 

IN: Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. American Society for 
Testing and Materials, Philadelphia, PA. 1986. p 
104-119, 3 fig, 7 ref. 


Descriptors: *Water quality, *Hazardous wastes, 
*Computers programs, *Data processing, *Data 
storage and retrieval, *Hydrologic data collec- 
tions, Groundwater management, Monitoring, 
Waste disposal, Statistical methods. 


U.S. environmental regulations require the collec- 
tion, statistical evaluation, and reporting of data 
associated with ground-water monitoring at haz- 
ardous waste facilities. Desktop personal comput- 
ers are capable of managing the large volume of 
data and automatically generating the required re- 
ports. A functional data base for groundwater 
monitoring data has been developed for the Apple 
II personal computer. Design emphasis was placed 
on error-checking during data entry and on sim- 
plicity and consistency of all operations available 
to the user. This should be considered an integral 
part of quality assurance/quality control consider- 
ations, not only throughout the operations of sam- 
pling and chemical and physical measurements, but 
also throughout all operations involving data 
entry, storage, manipulation, and reporting. The 
programming language used in data base develop- 
ment (a structured BASIC) was chosen to facilitate 
testing and debugging of program modules. A 
major design objective was to assure that all oper- 
ations involved in entry, storage, manipulation, and 
statistical evaluation of data are well-documented 
and bug-free. (See also W89-01634) (Author's ab- 


stract) 
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PRACTICAL METHODOLOGY FOR PROC- 
ESSING AND VALIDATION OF WATER 
QUALITY DATA, 

Hydrometrics, Inc., Helena, MT. 

For primary bibliographic entry see Field 7B. 
W89-01684 


STREAMFLOW GENERATION BY VARIABLE 
SOURCE AREA, 

Rocky Mountain Forest and Range Experiment 
Station, Tempe, AZ. Forestry Sciences Lab. 

For primary bibliographic entry see Field 2E. 
W89-01699 


FOREST ECOSYSTEM STABILITY: REVISION 
OF THE RESISTANCE-RESILIENCE MODEL 
IN RELATION TO OBSERVABLE MACRO- 
SCOPIC PROPERTIES OF ECOSYSTEMS, 
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Southeastern Forest Experiment Station, Ashe- 
ville, NC. Coweeta Hydroiogic Lab. 

For primary bibliographic entry see Field 2A. 
W89-01712 


CRITIQUE OF THE INSTREAM FLOW IN- 
CREMENTAL METHODOLOGY AND OBSER- 
VATIONS ON FLOW DETERMINATION IN 
NEW ZEALAND, 

Otago Univ., Dunedin (New Zealand). Dept. of 
Zoology. 

D. Scott, and C. S. Shirvell. 

IN: Regulated Streams: Advances in Ecology 
Plenum Press, New York, 1987. p 27-43, 4 fis 4 
tab, 57 ref. 


Descriptors: *Data interpretation, *Instream flow, 
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stream flow incremental methodology, Aquatic 
habitats, Water depth, Flow velocity, Mathemati- 
cal studies. 


The Instream Flow Incremental Methodology 
(IFIM), a model developed by the Instream Flow 
Group (IFG), is composed of components which 
simulate water temperature, water quality, and 
physical habitat. The physical habitat components 
(PHABSIM), however, is so frequently the only 
part of the method used that PHABSIM and IFIM 
are often confused. PHABSIM is based on several 
assumptions which are not always met. These as- 
sumptions are: (1) that water depth, water velocity, 
and substrate size are the only physical habitat 
variables determining position choice by fish; (2) 
that Manning’s n remains constant with changes in 
streamflow; (3) that mean water velocities in indi- 
vidual cells change in the same way as the mean 
velocity for a cross-section with changes in stream- 
flow; (4) that water velocities at 6/10 of the depth 
affect fish preference; (5) that habitat preference 
curves can be treated as probability functions; (6) 
that habitat variables are independent in their influ- 
ence on position choice; (7) that large areas of less 
than optimum habitat have the same productive 
capacity as small areas of optimum habitat; and (8) 
that areas of stream not occupied by fish are use- 
less. The assumptions in PHABSIM need to be 
carefully examined to see how they affect the 
usefulness of the model: variability in fish behavior 
whether learned or genetic suggests that prefer- 
ence curves should be constructed for each river, 
or at least for river classes. The estimation of 
weighted usable level is not an end in itself, and 
unless the relation of this index to fish biomass is 
well validated, it is difficult to see how it can be 
used decisively at the judicial level. (See also W89- 
01736) (Lantz-PTT) 
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INTERCALIBRATION OF ANALYTICAL 
METHODS ON MARINE ENVIRONMENTAL 
SAMPLES. RESULTS OF MEDPOL-II EXER- 
CISE FOR THE INTERCALIBRATION OF 
CHLORINATED HYDROCARBON MEASURE- 
MENTS ON MUSSEL HOMOGENATE (MA-M- 
2/00). 

International Lab. of Marine 
Monaco-Ville (Monaco). 

For primary bibliographic entry see Field 5A. 
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MODELING GROUNDWATER FLOW AND 
POLLUTION: WITH COMPUTER PROGRAMS 
FOR SAMPLE CASES, 

Technion - Israel Inst. of Tech., Haifa. Faculty of 
Civil Engineering. 
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GENERIC STEPS IN THE FIELD VALIDA- 
TION OF VADOSE ZONE FATE AND TRANS- 
PORT MODELS, 

— Protection Agency, Las Vegas, 


S. C. Hern, S. M. Melancon, and J. E. Pollard. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, {nc., Chelsea, Michigan. 1986. p 
61-80, 1 fig, 3 tab, 31 ref. 


Descriptors: *Field tests, *Data interpretation, 
*Vadose water, *Path of pollutants, *Model stud- 
ies, *Fate of pollutants, Organic compounds, 
Solute transport. 


The primary emphasis of this chapter is on the 
transport and fate of organic chemicals in the 
vadose zone, i.e., from the soil surface to the 
groundwater table. Model validation is defined in 
this report as comparison of model results with 
numerical environmental data collected in the field 
or in laboratory observations. Complete model val- 
idation requires testing over the full range of con- 
ditions for which predictions are intended. At a 
minimum, this requires a series of validations in 
various climates and soil types with chemicals that 
typify the major fate and transport processes. In 
this chapter, suggested generic approaches to 
model validation are presented, but the reader 
should be aware that many validation problems are 
specific to a particular site, compound, or model 
and must be dealt with on a case-by-case basis. The 
suggested steps in field validation of soil fate and 
transport models are: (1) Identify Model User’s 
Need; (2) Examine the Model; (3) Evaluate the 
feasibility of field validation; (4) Develop accept- 
ance criteria for validations; (5) Determine field 
validation scenario; and (6) Plan and conduct field 
validations. (See also W89-01859) (Lantz-PTT) 
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EXAMPLE FIELD TESTING OF SOIL FATE 
AND TRANSPORT MODEL, PRZM, DOUGH- 
ERTY PLAIN, GEORGIA, 

Environmental Protection Agency, Las Vegas, 


NV. 
For primary bibliographic entry see Field 5B. 
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EXAMPLE MODEL TESTING STUDIES, 

Aqua Terra Consultants, Palo Alto, CA. 

A. S. Donigian, and P. S. C. Rao. 

IN: Vadose Zone Modeling of Organic Pollutants. 
Lewis Publishers, Inc., Chelsea, Michigan. 1986. p 
103-131, 8 fig, 7 tab, 40 ref. 


Descriptors: *Model studies, *Path of pollutants, 
*Data_ interpretation, ‘*Field tests, PRZM, 
SESOIL, PESTAN, Solute transport. 


At present, most model testing and validation stud- 
ies must rely on a limited data base of a few field 
studies designed to collected data for a variety of 
purposes. This article discusses and summarizes a 
few selected model testing studies of this type 
which relied on available field data. These studies 
demonstrate the types of comparisons that are 
often made between field data and model predic- 
tions, the procedures required for model testing, 
and the model performance or acceptance criteria 
(or statistical tests) used to quantify model per- 
formance. The remainder of this chapter is based 
primarily on two recent studies aimed at testing 
and evaluating these three models: SESOIL, 
PRZM, and PESTAN. (See also W89-01859) 
(Lantz-PTT) 
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SHORT-CUT CHRONIC TOXICITY ESTI- 
MATES USING DAPHNIA MAGNA, 

Monsanto Co., St. Louis, MO. 

For primary bibliographic entry see Field 5A. 
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EXTRAPOLATING FROM THE LABORATO- 
if TO THE FIELD: HOW UNCERTAIN ARE 
YOU, 

Oak Ridge National Lab., TN. Environmental Sci- 
ences Div. 

For primary bibliographic entry see Field 5C. 
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MERICAL NATIONAL WATER QUALITY CRI- 
TERIA FOR THE PROTECTION OF AQUATIC 
LIFE AND ITS USES’ BASED ON SOUND 
JUDGMENTS, 

Environmental Research Lab.-Duluth, MN. 


For primary bibliographic entry see Field 5G. 
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HOW REPRESENTATIVE ARE THE DATA 
SETS USED TO DERIVE NATIONAL WATER 
QUALITY CRITERIA, 

EA Engineering, Science, and Technology, Inc., 
Northbrook, IL. Midwest Regional Office. 

For primary bibliographic entry see Field 5G. 
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AQUATIC HAZARD EVALUATION PRINCI- 
PLES APPLIED TO THE DEVELOPMENT OF 
WATER QUALITY CRITERIA, 

Monsanto Co., St. Louis, MO. 

For primary bibliographic entry see Field 5G. 
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EVALUATION OF A SITE-SPECIFIC WATER 
QUALITY CRITERION FOR PENTACHLORO- 
PHENOL USING OUTDOOR EXPERIMENTAL 
STR! 


Environmental Research Lab.-Duluth, Monticello, 
MN. Monticello Ecological Research Station. 

For primary bibliographic entry see Field 5G. 
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USE OF STATISTICAL INFORMATION TO 
IMPROVE COMPATIBILITY BETWEEN THE 
VARIOUS COMPONENTS OF THE WATER 
QUALITY BASED APPROACH, 

Environmental Research Lab.-Duluth, MN. 

For primary bibliographic entry see Field 5G. 
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MONTE CARLO METHOD IN RADIOTRACER 
EXPERIMENTS, 

Institutul de Fizica si Inginerie Nucleara, Bucha- 
rest (Romania). Tracer Hydrology Lab. 

For primary bibliographic entry see Field 2A. 
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US. ENVIRONMENTAL PROTECTION 
AGENCY RIVER REACH FILE: HYDROLOGIC 
SEGMENT PLOTS - IDAHO. 

Bonneville Power Administration, Portland, OR. 
Div. of Power Resources Planning. 

Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-009951. 
Price codes: A04 in paper copy, A01 in microfiche. 
—" Report No. DOE/BP--735, October 1986. 
4lp. 


Descriptors: *Rivers, *Hydrologic maps, *Hydro- 
logic data, *Idaho, Topographic mapping, Geohy- 
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This report contains maps illustrating the hydro- 
logic subdivisions of rivers in Idaho. These ‘seg- 
ment plots’ cover the following regions: Sandpoint, 
Spokane, Pullman, Grangeville, Banker, Boise, 
Jordan Valley, Wallace, Hamilton, Elk City, Chal- 
lis, Hailey, Twin Falls, Dillon, Dubois, Idaho Fall, 
Pocatello, Ashton, Driggs, and Preston. (Lantz- 


PTT) 
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US. ENVIRONMENTAL PROTECTION 
AGENCY RIVER REACH FILE: HYDROLOGIC 
SEGMENT PLOTS - WASHINGTON. 

Bonneville Power Administration, Portland, OR. 
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Available from the National Technical Information 
Service, Springfield, VA. 22161, as DE87-009949. 
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This report contains maps illustrating the hydro- 
logic subdivisions of rivers in Washington. These 
‘segment plots’ cover the following regions: Cape 





Flattery, Copalis Beach North, Copalis Beach 
South, Victoria, Seattle, Hoquiam, Vancouver, 
Concrete, Wenatchee, Yakima, The Dalles, Okano- 
gan, Ritzville, Walla Walla, Pendleton, Sandpoint, 
Spokane, Pullman. (Lantz-PTT) 
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Available from the National Technical Information 
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This report contains maps illustrating the hydro- 
logic subdivisions of rivers in Oregon. These ‘seg- 
ment plots’ cover the following regions: Salem 
Annex, Coos Bay, Coos Bay South, Hoquiam, 
Vancouver, Salem, Roseburg, Medford, The 
Dalles, Bend, Crescent, Klamath Falls, Pendleton, 
Canyon City, Burns, Adel, Grangeville, Baker, 
Boise, Jordan Valley. (Lantz-PTT) 
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US. ENVIRONMENTAL PROTECTION 
AGENCY RIVER REACH FILE: HYDROLOGIC 
SEGMENT PLOTS - MONTANA. 
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Available from the National Technical Information 
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Price codes: A04 in paper copy, AOI in microfiche. 
= Report No. DOE/BP--736, October 1986. 

p. 
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This report contains maps illustrating the hydro- 
logic subdivisions of rivers in Montana. These ‘seg- 
ment plots’ cover the following regions: Kalispell, 
Wallace, Hamilton, Elk City, Cut Bank, Choteau, 
Butte, Dillon, Dubois, Shelby, Great Falls, White 
Sulphur Springs, Bozeman, Ashton, Havre, Lewis- 
town, Roundup, Billings, Glasgow, Jordan, For- 
syth, Hardin, Wolf Point, Glendive, Miles City, 
Ekalaka. (Lantz-PTT) 
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CLASSIFYING INDUSTRIAL SLUDGE USING 
A KNOWLEDGE-BASED EXPERT SYSTEM, 
North Carolina State Univ. at Raleigh. Dept. of 
Civil Engineering. 

For primary bibliographic entry see Field 5G. 
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METHODOLOGY FOR UTILIZING RESPIRO- 
METRIC DATA TO ASSESS BIODEGRADA- 
TION KINETICS, 

Delaware Univ., Newark. Dept. of Civil Engineer- 
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For primary bibliographic entry see Field 5D. 
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INDEXES FOR ASSESSING FISH BIOMASS 
AND YIELD IN RESERVOIRS, 
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II: Impact of Toxic Contaminants on Fisheries 
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gan, 1988. p 175-192, 6 fig, 2 tab, 22 ref. 
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Studies of long-term trends in lake fish populations 


aimed at identifying the superimposed effects of 


contaminants are very difficult and expensive. 
Analyses are d for all p controlling 
species population size, including pollutants that 
may be stressing the population. Improved quanti- 
tative monitoring methods are needed to establish 
cause and effect relationships. In the interim, sim- 
pler methods of estimating fish biomass and yield 
are available to provide comparative indexes to 
‘normal’ lake conditions and to aid in identifying 
perturbed ecosystems. Empirical multiple regres- 
sion equations derived from analyses of data assem- 
bled from reservoirs > 200 ha in the United States 
are now available for use as assessment indexes. 
Variables include 23 physicochemical attributes of 
the environment and angler use and sport fish yield 
Statistics from 380 reservoirs in 26 states. Subsam- 
ples of these data sets, sorted by similar water 
chemistry, operational use, and surface area char- 
acteristics, were also analyzed. The 

derived are not guaranteed to express cause-effect 
relations but do afford standards for comparison 
and quantitative predictive values. Until more pre- 
cise natural lake ecosystem models are developed, 
it is recommended that analogous data sets, assem- 
bled on a drainage basin, regional, national or 
global basis, be analyzed in a similar manner to 
provide standards for sorting unstressed, naturally- 
stressed and contaminant-stressed communities. 
Such endeavors could help in the development of 
legally: uate ecosystem epidemiology. (See 
also W89-02137) (Author’s abstract) 
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Orleans (France). 
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PRIMER FOR COMPUTERIZED 
WASTEWATER APPLICATIONS. 
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VA. Task Force on Computerized Treatment 
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STS Consultants Ltd., Northbrook, IL. 
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W89-01766 


OLD RIVER LOW-SILL CONTROL STRUC- 
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DRAULIC MODEL INVESTIGATION, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

For primary bibliographic entry see Field 8B. 
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TON. HYDRAULIC MODEL INVESTIGA- 
TION 
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Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

For primary bibliographic entry see Field 8C. 
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LAKE DARLING SPILLWAY, SOURIS RIVER, 
NORTH DAKOTA: HYDRAULIC MODEL IN- 
VESTIGATION, 

Army Engineer. Waterways Experiment Station, 
Vicksburg MS. Hydraulics L Lab. 

D.R. 

Available from the National Technical Information 
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The concrete gravity ogee spillway for the Lake 
Darling Dam will contain five 22-ft-high by 43-ft- 
wide gate bays separated by 10-ft-wide piers. 
Outlet works consisting of four sluices within the 
piers will discharge into the spillway stilling basin. 
A hydraulic-jump-type stiliing basin will provide 
satisfactory dissipation of the spillway and sluice 
flows. A 1:36-scale model of the spillway, sluices, 
stilling basin, h area, and exit channel was 
used to study the overall hydraulic formance of 
the a bans oa that “ con itions 
in the approach to t! illway wit! uncon- 
trolled and controlled flows were satisfactory for 
the full range of anticipated discharges. Eddies 
developed on either side of the stilling basin. Con- 
Stricting the channel flare to a uniform width elimi- 
nated the eddies. The size and extent of stone 
protection required on the dam embankment, side 
slopes and bottom of the h channel, and 
side slopes and bottom of the exist channel were 
determined by model investigations. (Author's ab- 
stract) 
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National Park Service, San Francisco, CA. Histor- 
ic American Building Survey. 
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HAER No. AZ-I1, 1988. 284 p, 153 photos, 97 ref. 
Contract No. 6-CS-04460. 
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A written narrative is given of the political and 
economic events and factors important in the con- 
struction of Waddell Dam, located on the Agua 
Fria River approximately 35 miles northwest of 
ee Se ee Se eee 
Fria Water Project, a privately funded water re- 
sources development project started in 1891. Upon 
its completion, Waddell £ aed (then named Pleasant 
Dam) was the largest multiple arch dam in the 
world. In the 1920's the dam was the focus of 

controversy when cracks were noted 
in the concrete buttresses to filling of the 
reservoir; it became part of a lar, controversy 
concerning the safety of the multiple arch dam 
design. Waddell Dam and the Agua Fria Project is 
the only dam and water project that was success- 
fully —— by private developers in central 
Arizona. The report also contains historic and 
current view photographs of the dam and associat- 
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ed features and persons, and as-built drawings of 
the dam. (Author's abstract) 
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RED RIVER WATERWAY SEDIMENTATION 
STUDY DOWNSTREAM FROM LOCK AND 
DAM NO, 1; NUMERICAL MODEL INVESTI- 
GATION, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab, 
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TION AND SAFETY, 

ee Dept. of Public Health, Lansing. 
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IN: Rural Groundwater Contamination, Lewis 
Publishers, Inc., Chelsea, Michigan, 1987, p 291- 
301, 1 tab, 


Descriptors: *Well construction, *Site selection, 
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Wells installed in an agricultural community are 
generally drilled to meet two basic needs; either a 
well to supply water for drinking and other domes- 
tic users at the homestead, or to provide the larger 
water requirements for irrigation pur . Any 
well drilled in the State of Michigan for produc- 
tion of freshwater must meet the well construction 
rules promeigneee by the Michigan Department of 
Public Health under the authority of the Ground- 
water Quality Control Act passed in 1965. This 
statute has now been incorporated into the Michi- 
gan Public Health Code as Part 127 of Act 368, 
P.A. 1978, as amended. These rules cover any 
freshwater well that is installed, whether it is for 
drinking water needs, irrigation, or industrial use. 
Selection of well specifications and drilling proce- 
dures, grouting, irrigation wells, well development 
and pump testing, pump installation, disinfection, 
and water analysis are discussed. (See also W89- 
02196) (Lantz-PTT) 
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National Water Well Association, Worthington, 
Oo 


H. 
J. Lehr, S. Hurlburt, B. Gallagher, and J. Voytek. 
Van Nostrand Reinhold Company, New York. 
1988. 229p. 


Descriptors: *Water wells, *Well construction, 
*Design standards, *Construction, *Groundwater, 
*Geohydrology, Engineers, Aquifers, Pumping 
tests, Intakes, Groundwater movement. 


A need for a basic preparatory text on the nature 
of water wells, their construction, development, 
and operation has been widely recognized. The 
book is intended to fill the void for the profession- 
als new to groundwater and wells, who will be 
working on projects involving well construction or 
maintenance. The book begins with a general dis- 
cussion of groundwater and geology to acquaint 
the reader with the dynamics and occurrence of 
groundwater on the earth. Fundamental physical 
pouperees pemmiens to —— flow are in- 
troduced in Chapter 2. The engineering-oriented 
portion of the text then beings with a discussion of 
the advantages and drawbacks of the different 
methods of well drilling. A chapter on well design 
follows, including full details on the concepts and 
concerns of well design. Chapter 5 is dedicated to 
intake design, a critical but often misunderstood 
aspect of every water well. Water well construc- 
tion techniques are described clearly and concisely 
in Chapter 6, followed by a thorough description 
of how a well is develo after construction to 
maximize its yield. Pumping tests are considered as 


methods to use wells to analyze aquifer character- 
istics. Well maintenance and rehabilitation are 
given significant emphasis in Chapter 9. There is a 
special section on rock-well construction. (Lantz- 


PTT) 
W89-02256 


ANALYSIS OF WATER DISTRIBUTION SYS- 
TEMS, 


Army Engineer Waterways Experiment Station, 
Vicksburg, MS. 

For primary bibliographic entry see Field SF, 
W89-02259 


8B. Hydraulics 


HEAD RECOVERY AT SUBMERGED ABRUPT 
CONDUIT OUTLETS, 

Northwest Hydraulic Consultants Ltd,, Edmonton 
(Alberta), 

J, A, Kells, and C, D, Smith. 

Canadian Journal of Civil Engineering CJCEB8, 
Vol, 15, No, 2, p 272-274, April 1988, 2 fig, 2 ref. 


Descriptors; *Conduits, *Outlets, *Pi flow, 
*Open channel flow, *Hydraulics, Head loss, Head 
recovery, Culverts, Outfall, 


The question of an abrupt expansion from one 
diameter to a larger diameter is a classical problem 
dealt with in most undergraduate fluid mechanics 
texts, A problem not dealt with, but which is far 
more common in practice, is the abrupt expansion 
at the terminal end of a pipe where the flow 
expands into an open channel downstream. It is 
often assumed that the entire velocity head for the 
pipe plow is lost. This is not necessarily true. An 
experimental study of an abrupt expansion into an 
open channel is reported. Several different channel 
shapes are used in an attempt to determine shape 
effect, if any. It is concluded that the primary 
variable affecting the head loss is the ratio of the 
upstream to downstream flow area, called the area 
ratio. (Author’s abstract) 

W89-01340 


PRACTICAL EXPERIENCE OF BOREHOLE 
PERFORMANCE EVALUATION, 

For primary bibliographic entry see Field SF. 
W89-01356 


MODELLING LONG AND INTERMEDIATE 
WAVES IN A HARBOR, 

Tetra Tech, Inc., Pasadena, CA. 

W.-L. Chiang. 

Applied Mathematical Modelling AMMODL, 
Vol. 12, No. 4, p 423-428, August 1988. 9 fig, 13 
ref. Port of Long Beach, CA Contract No. HD- 
3864. 


Descriptors: *Hydraulic models, *Model studies, 
*Waves, *Harbors, *Mathematical models, Land- 
fills, Dredging, Finite difference methods, Basins, 
Channels, Wave height, Numerical analysis, Hy- 
drodynamics, Mathematical equations, Boundary 
conditions, Los Angeles Harbor, Long Beach 
Harbor, California. 


A transient model is utilized to study the effect of 
the proposed 2010/2020 master plan on wave con- 
ditions in Los Angeles and Long Beach harbors. 
The proposed plan consists of placing landfills and 
increasing basin and channel depths. The numeri- 
cal model incorporates an implicit, finite-difference 
scheme to solve a set of hydrodynamic equations 
with a two-dimensional depth-averaged formula- 
tion. Long-wave equations are slightly revised 
such that the model can be si to wave propa- 
gation in intermediate depths. The wave period 
under consideration ranges from 30 to 300 s. A 
base run was performed to study existing condi- 
tions. The results are compared with laboratory 
measurements. Although there is a slight discrep- 
ancy in the results, partially due to the different 
boundary conditions in the models, the general 
pattern and order of magnitude of the spectrum fit 
reasonably well with laboratory results. The nu- 
merical model is applied to the proposed 2010/ 
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2020 master plan to obtain spectra of relative wave 
height at a location of interest. Resonance appears 
at a wave period of 203 s. A contour map of 
relative maximum wave height is presented. (Au- 
thor's abstract) 

W89-01362 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART I, 
For primary bibliographic entry see Field 2E. 
W89-01412 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART II, 
For primary bibliographic entry see Field 2E, 
W89-01413 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT: PART IV, 
For primary bibliographic entry see Field 7B. 
W89-01415 


TURBULENCE MODELING OF SURFACE 
WATER FLOW AND TRANSPORT; PART V, 
For primary bibliographic entry see Field 2E. 
W89-01416 


MODELING TURBULENT TRANSPORT IN 
STRATIFIED ESTUARY, 

Hanover Univ. (Germany, F.R.). Inst. fuer Stroe- 
mungsmaschinen. 

For primary bibliographic entry see Field 5B. 
W89-01419 


GROUNDWATER AND WELLS, 
For primary bibliographic entry see Field 2F. 
W89-01766 


OLD RIVER LOW-SILL CONTROL STRUC- 
TURE: DYNAMIC HYDRAULIC FORCES 
ACTING ON THE STILLING BASIN, SURVEY 
BOAT SAFETY, AND DEBRIS PASSAGE: HY- 
DRAULIC MODEL INVESTIGATION, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

B. P. Fletcher. 

Available from the National Technical Information 
Service, Springfield, VA. 22161 as AD-A194 306. 
Price codes: A04 in paper copy; AOI in microfiche. 
Technical Report No. HL-88-6, April 1988. Final 
Report. 62p, 11 fig, 5 tab, 33 photos, 10 plates. 


Descriptors: *Hydraulic models, *Hydraulic prop- 
erties, *Old River, *Mlssissippi River, *Stilling 
basins, *Louisiana, Navigation, Baffles, Fluid me- 
chanics, Hydraulic profiles, Gates, Debris passage. 


Tests were conducted in 1:36-scale section models 
of the high and low bays to develop guidance for 
rehabilitation of the existing stilling basin, to devel- 
op guidance for the safety of survey boats operat- 
ing in the approach to the structure, and to evalu- 
ate characteristics of debris passage through the 
structure. The portion of the basin between the 
baffles and end sill was protected with sloping 
modules constructed of steel and grout, and tests 
were conducted to determine the hydraulic forces 
acting on the modules. A flow spoiler design to 
reduce uplift forces on the modules and not in- 
crease the sliding and uplift forces acting on the 
stilling basin was also investigated. Survey boat 
safety tests indicated that a typical survey boat 
operating upstream of the gate bays should be safe 
with gate openings < or = 30% of the head on 
the crest. Debris passage tests indicated that debris 
up to 35 ft long and 3.0 ft thick would pass through 
the structure with gate openings > or = to 30 to 
40% of the head on the crest. (Author's abstract) 
W89-01767 


LAKE DARLING SPILLWAY, SOURIS RIVER, 
NORTH DAKOTA; HYDRAULIC MODEL IN- 
VESTIGATION, 

Army Engineer Waterways Experiment Station, 





Vicksburg, MS. Hydraulics Lab. 
For primary bibliographic entry see Field 8A. 
W89-01769 


CINQUE HOMMES, JONES CUTOFF, BOIS 
BRULE AND MISSOURI CHUTE PUMPING 
ye pe eee oer come COUNTY, MISSOURI, 


RANDOLPH COUNTY KS ee HY- 
DRAULIC MODEL INVESTIGATI 
Army Engineer Waterways + on: ial Station, 
Vicksburg, MS, Hydraulics Lab, 
B, P. Fletcher, 
Available from the National Technical informetion 
Service, Springfield, VA, 22161 as AD-A197 699, 
Price codes; AOS in paper copy; AO! in microfiche, 
Technical Report No, HL-88-13, June 1988. Final 
Report. 91p, 10 fig. 'S tab, 20 photos, 31 plates. 


Descriptors; *Cinque Hommes, *Jones Cutoff, 
*Bois Brule, *Missouri, *Pumping —, *Illinois, 
*Hydraulic models, *Flow profiles, Hydraulic 

eevee, Model studies, Channel flow, Outlets, 
iprap 


The four pumping stations (Cinque Hommes, Jones 
Cutoff, Bois Brule, and Missouri Chute) provide 
flood protection for about 26,800 acres of highly 
or bottomland. Satisfactory hydraulic per- 
lormance was obtained in the sumps for the Cinque 
Hommes and Jones Cutoff pumping stations by 
either extending wing walls from each side of the 
structures or by moving the timber trashrack 
closer to the sump and enclosing the rear and sides 
of the sump. Following the model studies of the 
sumps for Cinque Hommes and Jones Cutoff 
pumping stations, the design of the sump and trash- 
rack for the Bois Brule pumpi ng station was re- 
vised due to the high cost of building and maintain- 
ing the timber trashrack. The revised design, con- 
sisting of a classical trashrack and free-standing 
side and rear walls, performed satisfactorily. The 
model of the Missouri Chute sump indicated unsat- 
isfactory flow due to adverse currents in the sump 
enerated by lateral flow from a side channel 
located normal to the main channel. The mouth of 
the side channel was relocated farther upstream 
and satisfactory performance was obtained. The 
designs of the 45-deg saxophone outlets and chan- 
nel configurations for the four pumping stations 
were similar. Design guidance for the size and 
extent of riprap needed in the exit channels was 
determined from the models. (Author’s abstract) 
W89-01772 


RED RIVER WATERWAY SEDIMENTATION 
STUDY DOWNSTREAM FROM LOCK AND 
DAM NO. 1; NUMERICAL MODEL INVESTI- 
GATION, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

For primary bibliographic entry see Field 2J. 
W89-01814 


ANALYSIS OF WATER DISTRIBUTION SYS- 
TEMS, 


’ 
Army Engineer Waterways Experiment Station, 
Vicksburg, MS. 
For primary bibliographic entry see Field 5F. 
W89-02259 


8C. Hydraulic Machinery 


DESIGN AND CONSTRUCTION OF THE ISLE 
OF DOGS PUMPING STATION, 

a (William) and Partners, London (Eng- 
and). 

For primary bibliographic entry see Field SD. 
W89-01355 


FOUNDATION TREATMENT IN KARSTIC 
LIMESTONE: EL CAJON HYDROELECTRIC 
PROJECT, HONDURAS, 

Merritt (A.H.), Gainesville, FL. 

For primary bibliographic entry see Field 8E. 
W89-01364 


THREE LOW COST PUMPING SYSTEMS FOR 
aaa CONTAMINATED GROUND 
Geoscience Consultants Ltd., a ue, NM. 
= tory bibliographic entry see Field 5G. 


PRACTICAL APPROACH TO HYDROCAR- 
BON RECOVERY AT MARINE TERMINALS, 
Engineering Enterprises, Inc., Long Beach, CA. 
a) BR red bibliographic entry Se Field 5G. 


MECHANICAL INTEGRITY OF CLASS 1 IN- 
JECTION WELLS, 


Texas World Operations, Inc,, Houston, TX. 
For primary bibliographic entry see Field SE. 
W89-01567 


CEMENTING TO ACHIEVE ZONE ISOLA- 
TION, 


Haliburton Services, Duncan, O 


For primary bibliographic ent ice Field SE. 
Wado! 368. ~~ ” 


INDUSTRIAL WASTE DISPOSAL WELLS; ME- 
CHANICAL INTEGRITY, 

Texas Water Commission, Austin, 

For primary bibliographic entry see Field SE. 
W89-01569 


CLASS I INJECTION WELL DESIGN CONSID- 
ropes Bee | FIBERGLASS TUBULARS 


CEMENT, 
J Pont de Nemours (E. I.) and Co., Beaumont, 


J. R. Creech. 

IN: Frecestings of the International Sym 

on Subsurface Injection of Liquid Wastes. National 
Water Well Association, Dublin, OH. 1986. p 113- 
132, 8 fig, 1 tab, 1 ref. 


Descriptors: *Injection wells, *Well om. *Dis- 
posal wells, *Design criteria, *Cements, Waste dis- 
posal, Liquid wastes, Portland cements, Sealants, 
Corrosion, Deep wells, Epoxy resins, Plastics. 


A Class I Injection Well is used to transport liquid 
wastes thousands of feet into the earth to a point 
where it will remain safely entombed. A sound 
well design requires the use of extensively engi- 
neered plans, much of which depends to a large 
extent on choosing materials of construction and 
cement that are corrosively resistant to the injected 
waste fluids. Materials and cement play an impor- 
tant role in providing the needed mechanical struc- 
ture and integrity for the injection well as the 
delivery system component of underground injec- 
tion technology. No single material is available 
that is universally resistant to all types of waste 
fluids. It is important to match well materials to 
the injection stream for each injection well — 
tion. For some wastes, the ferrous and nonferrous 
metals or portland cements commonly used in deep 
well construction may not offer the desired corro- 
sion resistance. Two materials, fiber-reinforced 
thermoset plastics (FRP) and epoxy resin cement, 
which have been particularly useful in solving 
these corrosion resistance problems are discussed. 
Properly selected materials of construction for a 
Class I Injection Well help to minimize corrosion, 
reduce maintenance and repairs, provide for 
smooth and reliable operations, and ensure a sound 
well design that will operate safely and provide the 
needed protection of the environment. (See also 
W89-01564) (Author’s abstract) 

'W89-01570 


TESTING AND REPAIR OF A LEAKING DEEP 
INJECTION WELL, 

CH2M Hill, Inc., Gainesville, FL. 

For primary bibliographic entry see Field SE. 
W89-01571 


FACTORS EFFECTING THE AREA OF 
REVIEW FOR HAZARDOUS WASTE DISPOS- 
AL WELLS, 


ENGINEERING WORKS—Field 8 
Hydraulic Machinery—Group 8C 


Davis (Ken E.) Associates, Houston, TX. 
For primary bibliographic entry see Field SE. 
W89-01572 


FLUID SEALED CLASS I INJECTION WELLS, 
~ Pont de Nemours (E.I.) and Co., Wilmington, 


C. R. Sherman, and P. L. Craig. 

IN: ones of the International Symposium 
on Subsurface tion of Liquid Wastes. National 
Water Well henslaten. Dublin, OH, 1986. p 195- 
210, 11 fig. 


Descriptors: *Deep wells, *Sealants, *Well cas- 


ings, Disposal wells, Monitoring, Liquid wastes, 
Testing procedures, 


The proper and safe operation of Class 1 industrial 
injection wells requires a method to isolate waste 
from the between the injection tubing and 
the protection casing or annulus space. Fluid in the 
annulus acts as a pressure transmitter that, throu; 
monitoring, will alert an operator to a leak in t 
tubing, protection casing, or wellhead. At the 
ground surface, a wellhead is attached to the top of 
the protection ay Mir protection casing ex- 
tends to or through the injection zone and is usual- 
ly com of carbon steel and a waste resistant 
material at the bottom. The protection casing is 
cemented to the borehole. ie injection tubing 
which is used to convey waste from the surface 
down to the injection zone is composed of waste 
resistant material. At the surface there are a 
number of facilities integral to the operation of a 
fluid sealed system, including annulus fluid storage 
tanks, pressure maintenance facilities, and monitor- 
ing instrumentation. The pressure within the injec- 
tion tubing must be less A one the annulus pressure. 
Annulus pressure monitoring is done by a manom- 
eter. An example of an operating fluid sealed 
system is given. The most critical factors to be 
considered when designing and operating a fluid 
sealed system are the fluid densities and tempera- 
tures. (See also W89-01564) (Author’s abstract) 
W89-01573 


INTEGRITY TESTING OF CLASS I HAZARD- 
OUS INJECTION WELLS: RELATED EXPERI- 
ENCE IN THE GREAT LAKES REGION, 

Davis (Ken E.) Associates, Houston, TX. 

For primary bibliographic entry see Field SE. 
W89-01574 


MECHANICAL INTEGRITY RESEARCH, 
Robert S. Kerr Environmental Research Lab., 
Ada, OK. 

J. T. Thornhill, and B. G. Benefield. 

IN: Proceedings of the International Symposium 
on Subsurface Injection of Liquid Wastes. National 
Water Well Association, Dublin, OH. 1986. p 241- 
278, 13 fig. 


Descriptors: *Logging, (Recording), *Injection 
wells, *Well casings, * “Test wells, *Injection wells, 
*Disposal wells, Waste disposal, Testing proce- 
dures, Mechanical failure, Leakage, Groundwater 
pollution, Well logs. 


Underground injection control regulations of the 
U.S. Environmental Protection agency require that 
all injection wells demonstrate mechanical integri- 
ty, which is defined as no significant leak in the 
casing, tubing or packer; and no significant fluid 
movement into an underground source of drinking 
water — vertical channels adjacent to the 
injection well bore. Two test wells were construct- 
ed for mechanical integrity testing; a logging well 
to test for channels in the cement behind the casing 
and a leak test well for developing methods for 
testing the integrity of the tubing, casing and 
packer as well a locating fluid movement in chan- 
nels behind the casing. Channels were built into 
the logging well covering 90, 60, 30, and 6 degrees 
of the 360 degree circle described by the casing. 
Two generations of logging tools have been run in 
the logging well; the cement bond tool and the 
cement evaluation tool. There are various transmit- 
ter/receiver combinations available for the cement 
bond tool. The transmitter/receiver that provides 
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the most information is a single transmitter with 
dual receivers spaced three feet and five feet from 
the transmitter. The second generation tools con- 
sist of a tool having eight ultrasonic transducers 
spiraled around it to survey the circumference of 
the casing. None of the logging tools presently 
available located any of the 6 degree channels. The 
second generation tools located all of the 30, 60, 
and 90 degree channels and a calibrated cement 
bond tool with dual receiver three foot/five' foot 
spacing located all but one of the 30 degree and all 
of the 60 and 90 degree channels. The tools must 
be calibrated prior to their use and industry is 
encouraged to continue research to increase the 
sensitivity of the tools for mechanical integrity 
determinations. (See also W89-01564) (Author's ab- 
stract) 

W89-01575 


OPERATION AND MAINTENANCE OF UN- 
DERGROUND INJECTION WELLS, 

Du Pont de Nemours (E.I.) and Co., Victoria, TX. 
For primary bibliographic entry see Field SE. 
W89-01578 


CONCEPTUAL FRAMEWORK TO GUIDE 
AQUATIC MONITORING PROGRAM DESIGN 
FOR THERMAL ELECTRIC POWER PLANTS, 
Washington Univ., Seattle. Dept. of Civil Engi- 
neering. 

For primary bibliographic entry see Field 7A. 
W89-01606 


POND CREEK PUMPING STATION, SOUTH- 
WESTERN JEFFERSON COUNTY, KEN- 
TUCKY: HYDRAULIC MODEL INVESTIGA- 
TION, 

Army Engineer Waterways Experiment Station, 
Vicksburg, MS. Hydraulics Lab. 

B. P. Fletcher. 

Available from the National Technical Information 
Service, Springfield, VA. 22161 as AD-A194 387. 
Price codes: AOS in paper copy; AO1 in micrfoiche. 
Technical Report No. HL-88-7, April 1988. Final 
Report. 96 p, 24 fig, 6 tab, 15 photos, 33 plates. 


Descriptors: *Pond Creek, *Kentucky, *Hydraulic 
models, *Hydraulic machinery, *Pumping plants, 
Baffles, Stilling basins, Hydraulic properties, Open 
channels, Flow profiles, Vortices, Gravity flow. 


A 1:20-scale pumping station model of the sump 
and gravity control, approach, stilling basin, and 
exit channel was used to investigate and develop a 
practical design that would provide satisfactory 
hydraulic performance. The pumping station and 
gravity control structures were combined by locat- 
ing the gravity control below the sump. The 
pumping station consisted of four vertical pumps 
with a total capacity of 4,100 cfs. The gravity 
control section had a capacity for 17,000 cfs and 
consisted of an open-channel flow structure and 
tainter gate to maintain the pool. During operation 
of the pumps, surface vortices observed in the 
pump bays were eliminated by surface vortex sup- 
pressor beams. During operation of the gravity 
control structure, eddies and an unstable hydraulic 
jump observed in the stilling basin were eliminated 
by decreasing the rate of sidewall flare and strate- 
gically locating and increasing the height of the 
baffle blocks. (Author’s abstract) 

W89-01768 


PRIME MOVERS ENGINES, MOTORS, TUR- 

BINES, PUMPS, BLOWERS AND GENERA- 

TORS. 

a Pollution Control Federation, Alexandria, 
A 


Manual of Practice No. OM-5. Water Pollution 
Control Federation, Washington, DC. 1984. 18Ip. 


Descriptors: *Hydraulic machinery, *Wastewater 
facilities, Pumps, Blowers, Engines, Turbines, 
Electric generators, Wastewater treatment, Design 
criteria. 


This Manual of Practice draws together informa- 
tion on pumps, blowers, electric motors, and en- 
gines as the prime movers of the wastewater treat- 


ment industry. In addition, turbines and electric 
generators are included to round out the list of 
available choices of prime movers. With nine possi- 
ble combinations of these machines, their relative 
advantages, disadvantages, and application idiosyn- 
crasies are of critical importance to anyone in- 
volved in operations, maintenance, or design of a 
wastewater treatment facility. (Lantz-PTT) 
W89-01821 


AQUATIC BIOLOGY AND HYDROELECTRIC 
POWER DEVELOPMENT IN NEW ZEALAND. 
For primary bibliographic entry see Field 6G. 
W89-01871 


LOCAL (SMALL-SCALE) HYDROELECTRIC 
RESOURCES, 

Ministry of Works and Development, Wellington 
(New Zealand). 

For primary bibliographic entry see Field 6A. 
W89-01873 


SUBMISSIONS, RECOMMENDATIONS AND 
OBJECTIONS: THE NATURE CONSERVA- 
TION COUNCIL’S EXPERIENCE, 

Otago Univ., Dunedin (New Zealand). Dept. of 
Zoology. 

For primary bibliographic entry see Field 6E. 
W89-01878 


8D. Soil Mechanics 


HYDROLOGIC FACTORS TRIGGERING A 
SHALLOW HILLSLOPE FAILURE, 

California Univ., Santa Cruz. Dept. of Earth Sci- 
ences. 

For primary bibliographic entry see Field 2G. 
W89-01363 


HYDRAULIC BARRIERS IN SOIL AND ROCK, 
American Society for Testing and Materials, Phila- 
delphia, PA. A symposium sponsored by ASTM 
Committee D18 on Soil and Rock in cooperation 
with the United States Committee on Large Dams 
of the International Commission on Large Dams, 
Denver, CO, 25 June 1984. ASTM Special Techni- 
cal Publication 874. ASTM Publication Code 
Number 04-874000-38. 1985. 332p. 


Descriptors: *Cutoff walls, *Symposium, *Liners, 
Soil mechanics, Bentonite, Clays, *Soil properties, 
Hydraulic permeability, Waste disposal, Waste 
dumps, Landfills, Permeameters, Kaolinite, Ce- 
ments, Fly ash, Permeability coefficient, Pore size, 
Brines, Leachates. 


The ASTM Committee D18, through its Subcom- 
mittee D18.20 and in cooperation with the U.S. 
Committee on Large Dams of the International 
Commission on Large Dams, organized a one-day 
symposium on impermeable barriers, held 25 June 
1984 in Denver, Colorado. The symposium con- 
sisted of two half-day sessions - the first on slurry 
walls and the second on clay and soil-admix liners. 
The seven papers contained in the first part of the 
publication present some of the latest innovations 
and advancements in slurry wall technology from 
design aspecis through construction and testing 
methodology. The papers discuss soil-bentonite 
walls, cement-bentonite walls, composite walls of 
clay and high-density polyethylene sheeting, and 
grouted walls constructed by use of the vibrating 
beam technique. One paper also compares the con- 
ventional slurry wall construction to the vibrating 
team technique. The afternoon session of the sym- 
posium was primarily concerned with clay and 
soil-admix liners used as hydraulic barriers. Of the 
fourteen papers presented in the latter part of this 
publication, four were originally presented in 
briefer form as posters. The papers presented 
herein describe a variety of laboratory studies and 
case histories including the following: direct eval- 
uation of permeability tests utilizing both fixed- 
wall and flexible-wall permeameters; a proposed 
field permeability test procedure using a large di- 
ameter covered ring; an overview on the construc- 
tion, testing, and research for soil-cement liners; 
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and the potential use of fly ash in reducing the 
permeability of otherwise permeable soil liners. 
Other papers examined factors that affect desicca- 
tion cracking of compacted soil and clay liners, the 
effects of brine on an earth lining, and various 
other case histories on permeant effects on clay 
linings. (See W89-01613 thru W89-01633) (Geiger- 
PTT) 


W89-01612 


SLURRY CUTOFF WALLS: APPLICATIONS IN 
THE CONTROL OF HAZARDOUS WASTES, 
Geo-Con, Inc., Pittsburgh, PA. 

For primary bibliographic entry see Field 5G. 
W89-01613 


SUBSURFACE POLLUTION CONTAINMENT 
USING A COMPOSITE SYSTEM VERTICAL 
CUTOFF BARRIER, 

Wehran Engineering Corp., Middletown, NY. 

For primary bibliographic entry see Field 5G. 
W89-01614 


THIN SLURRY CUTOFF WALLS INSTALLED 
BY THE VIBRATED BEAM METHOD, 

Purdue Univ., Lafayette, IN. School of Civil Engi- 
neering. 

For primary bibliographic entry see Field 5G. 
W89-01615 


EVALUATION OF TWO METHODS FOR CON- 
STRUCTING VERTICAL CUTOFF WALLS AT 
WASTE CONTAINMENT SITES, 

American Colloid Co., Skokie, IL. 

For primary bibliographic entry see Field 5G. 
W89-01616 


INFLUENCE OF INORGANIC PERMEANTS 
UPON THE PERMEABILITY OF BENTONITE, 
International Minerals and Chemical Corp., De- 
troit, MI. 

For primary bibliographic entry see Field 5G. 
W89-01617 


EFFECTS OF VARIOUS LIQUIDS ON CLAY 
SOIL: BENTONITE SLURRY MIXTURES, 
Brown (K.W.) and Associates, Inc., College Sta- 
tion, TX. 

D. C. Anderson, W. Crawley, and J. D. Zabcik. 
IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 93-103, 5 fig, 2 tab, 11 ref. 


Descriptors: *Bentonite, *Slurries, *Clays, *Per- 
meability, *Cutoff walls, *Slurry walls, Methanol, 
Permeameters, Leachates, Seepage control, Back- 
fill, Calcium sulfate. 


Slurry-wall backfill materials were placed in 
double-ring permeameters to evaluate their perme- 
ability to water, xylene, and methanol. Permeabil- 
ity determinations were made using double-ring 
permeameters because these devices separate flow 
that occurs near the sidewalls from flow occurring 
through the central portion of the specimens. The 
use of double-ring devices appears to overcome 
some of the limitations of fixed-wall and flexible- 
wall permeameters. Fixed-wall devices may have 
sidewall flow, and flexible-wall devices may be 
inappropriate for testing soft specimens such as a 
slurry mixture. permeability tests on materials that 
are to contain waste leachates are typically done 
using water containing 0.01 N calcium sulfate 
(CaSO4) as the permeant liquid. The results of this 
study show that permeability values determined 
with water may be misleading. Low permeabilities 
were obtained with water, but both xylene and 
methanol caused large permeability increases in the 
soil-slurry mixtures. (See also W89-01612) (Au- 
thor’s abstract) 
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A laboratory permeability testing program was 
designed and performed to evaluate the effect of an 
acid liquor on two alternative materials planned 
for use in a compacted soil lining to minimize 
seepage loses from a phosphogypsum storage area. 
The alternative materials considered for use in the 
compacted soil lining included (1) on-site natural 
clayey soils and (2) on-site silty sands mixed with 
commercial bentonite (Volclay saline seal, No. 
100). The acid liquor has a pH of 2.2 and is high in 
calcium, calcium oxides, sodium, chloride, and sul- 
fate. The test results indicated that the acid liquor 
permeant resulted in lower permeabilities of the 
clayey soils than with tap water permeant. The 
tests on the commercial bentonite-silty sand mix- 
tures with acid liquor permeant indicated that the 
permeability increased with time. (See also W89- 
01612) (Author’s abstract) 
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The effects of procedural and equipment factors on 
the laboratory measurement of permeability of a 
bentonite-sand liner were investigated. In the ex- 
perimental program, permeability tests were per- 
formed on compacted specimens of a bentonite- 
sand mixture to study the effect of (1) permeameter 
type (rigid-versus flexible-wall permeameters), (2) 
back pressure application, and (3) hydraulic gradi- 
ent magnitude on the measured permeabilities. The 
liner material used in the tests was a mixture of 
90% P20-R30 Ottawa sand and 10% bentonite 
clay. Water was used to prepare the specimens and 
as the permeant. Specimens were prepared by 
compaction at moisture contents exceeding opti- 
mum using the standard proctor method. A pres- 
sure of 380 kPa was used in the tests involving 
back pressure. The low and high hydraulic gradi- 
ents used were nominally 29 and 290, respectively. 
Prior to the termination of a test, a red indicator 
was passed through the permeameters under the 
high gradient. The specimens were dissected and 
inspected after the test for the identification of 
flow areas and channels. The test results indicated 
that specimens continue to hydrate during perme- 
ation. Unless wetter specimens are used, this con- 
tinuing hydration interferes with the inflow-out- 
flow balance, depriving the tester of an important 
check for leaks. Differential hydration throughout 
the specimen results in different soil structures and 
zones of flow. For instance, most of the flow may 
take place in an annular area surrounding a less 
hydrated core in the center. Since the total cross- 
sectional area is used in computing the coefficient 


of permeability, the values may be underestimated. 
Back pressure, often used to enhance saturation 
during testing, appears to have a detrimental effect 
when applied in the rigid-wall permeameters by 
increasing the potential for formation of channels 
and side flow. Test results are affected by hydrau- 
lic gradient in different ways depending on the 
type of permeameter. While gradients as high as 
360 did not induce piping in the gap-graded liner 
material tested, the application of very high gradi- 
ents to accelerate testing is not desirable for a 
number of other effects observed. (See also W89- 
01612) (Author’s abstract) 
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The effects of four organic fluids on hydraulic 
conductivity of compacted kaolinite are presented. 
Permeation fluids were 0.1 and 100% solutions of 
nitrobenzene, acetone, phenol, and benzene, which 
represent a wide range of dielectric constants. Full 
saturation hydraulic conductivities were obtained 
in flexible wall permeameters under continuous 
back pressure, at hydraulic gradients of less than 
100 and effective stresses of calcium sulfate 
(CaSO4) solution. The effect of the testing scheme 
was evaluated by measuring the hydraulic conduc- 
tivity of acetone in both a flexible wall permeame- 
ter at variable effective stresses and in a rigid wall 
permeameter. Dramatic hydraulic conductivity in- 
creases were observed in rigid wall permeameters. 
The results indicate that increases in the hydraulic 
conductivity measured in rigid wall permeameters 
can only be explained by side leakages due to 
shrinkage of the specimen. All tests with chemicals 
at low concentrations resulted in slight decreases 
of hydraulic conductivity. Hydraulic conductivity 
with pure solutions slightly increased with acetone 
and phenol and significantly decreased with ben- 
zene and nitrobenzene. Diffusion through the cell 
membrane was found to be a considerable source 
of error in assessing the full strength of organic 
fluids. The direction of variations in the liquid limit 
and the free swell of kaolinite with organic fluids 
was observed to be inversely related to changes in 
absolute values of hydraulic conductivity at low 
effective stresses. These results together with 
fabric studies indicated that changes in hydraulic 
conductivity with organic fluids can be explained 
by the variations in the surface forces of interac- 
tion on clay particles affecting the flow character- 
istics. (See also W89-01612) (Author’s abstract) 
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A study was conducted to determine the perform- 
ance of two compacted native soils and the soils 
plus a commercial additive when exposed to spe- 
cific paper mill waste leachates. Fluids produced 
from actual paper mill wastes were used in acceler- 
ated (high-pressure), anaerobic permeability tests 
with two disposal site soils and the soils with a 
beneficient added. Comparison tests measuring hy- 
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draulic conductivity were performed to determine 
behavioral differences of the candidate soil liners 
with the waste leachate and water. Test results 
were used to evaluate waste impacts on soil and on 
the soil plus a commercial additive. Emphasis was 
placed on identifying fatal flows in expected field 
liner performance. Test results indicated that the 
two soils tested were effective in containing the 
paper mill waste leachates. One soil physically 
contained the waste leachates by providing an 
impermeable barrier (K = << 10 to the minus 
7th power cm/second). The other soil, while not 
providing as strong a physical barrier, (K = 10 to 
the minus 7th power cm/second), did contain the 
leachate through chemical attenuation of the trace 
contaminants in the leachate. While the commer- 
cial additive improved the impervious barrier char- 
acteristics of this soil, it was determined to be 
optional. Both mechanisms of containment will be 
effective in providing protection of groundwater 
resources below a nonhazardous waste landfill. 
(See also W89-01612) (Author’s abstract) 
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Permeating organic fluids through compacted kao- 
linite does not significantly change the distribution 
of different pore sizes. The mercury intrusion 
method was used to quantify the pore size and 
frequency distribution of specimens before and 
after permeation with nitrobenzene, acetone, 
phenol, and benzene. Porosity quantification pa- 
rameters obtained from available hydraulic con- 
ductivity models were then correlated with experi- 
mental values of absolute permeability. Acetone 
and phenol resulted in changes of absolute hydrau- 
lic conductivity within one order of magnitude, 
that of 0.01 N calcium sulfate (CaSO4) solution, 
while benzene and nitrobenzene led to a decrease 
of two orders of magnitude. Mercury intrusion 
tests on all specimens indicated that the size and 
distribution of pores within the 0.008 to 10 micron 
range were not significantly changed. The conclu- 
sion is that changes in hydraulic conductivity of 
compacted kaolinite are not due to a redistribution 
of pore sizes due to changes in forces of interac- 
tion. The results suggest that the decrease in hy- 
draulic conductivity with benzene and nitroben- 
zene are due to the low solubility of these chemi- 
cals in water. (See also W89-01612) (Author's ab- 
stract) 
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Liner failure, defined as an increase in liner perme- 
ability, was not found to be a problem when acidic 
uranium mill tailings solutions percolated through 
clay liner materials for periods extending up to 
three years. Liner materials taken from mill sites in 
Wyoming decreased in permeability with time in 
the laboratory columns when permeated with tail- 
ings solutions. One clay liner decreased in perme- 
ability from one half to over two orders of magni- 
tude, depending on the given clay sample and 
contacting solution. These decreases in permeabil- 
ity were attributed to pore plugging resulting from 
the precipitation of minerals and solids and to soil 
particle dispersion. The clay liner material from 
Morton Ranch, Wyoming, exhibited a residual buf- 
fering capacity that was able to maintain column 
effluent pH values at higher levels than the influent 
pH values for extended time (in excess of 30 pore 
volumes). A likely cause for the elevated pH is the 
redissolution of iron and aluminum hydrous oxides. 
Redissolution of iron and aluminum hydrous 
oxides consumes hydrogen ions. (See also W89- 
01612) (Author's abstract) 
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For over 30 years soil-cement has been effectively 
used to line lakes, reservoirs, ditches, and irrigation 
ponds. More recently, wastewater treatment la- 
goons, sludge drying and ash settling ponds, and 
coal storage areas have been lined with soil- 
cement. In addition to its low permeability, soil- 
cement also provides a reliable method of slope 
protection. Numerous laboratory permeability tests 
have been performed on various soil-cement mix- 
tures. One study included the addition of lime and 
fly ash to the mixture. Research has also been 
conducted on shrinkage cracking in soil-cement 
and its effect on total seepage. A large-scale field 
test to determine seepage through a stairstep con- 
structed soil-cement facing was conducted by the 
Bureau of Reclamation at the Lubbock Regulating 
Reservoir in Texas. The study indicated the soil- 
cement to be quite impervious and that most of the 
seepage occurred through either shrinkage cracks 
or along the horizontal contact planes. It also 
showed an overall decrease in seepage with time. 
The U.S. Environmental Protection Agency 
(EPA) has reported laboratory test results on the 


compatibility of soil-cement to various hazardous 
and other industrial wastes. The tests concluded 
that exposure to acids such as from electroplating 
sludges and acidic steel-pickling wastes should be 
avoided; however, for toxic pesticide formations, 
oil refinery sludge, toxic pharmaceutical wastes, 
and rubber and plastic wastes, soil-cement should 
perform satisfactorily. For caustic petroleum 
sludges, compatibility tests should be conducted on 
the specific combination of soil-cement and waste. 
Basic information on soil-cement as a liner material 
research work on permeability and compatibility 
testing are presented. The design, construction, 
and performance of some unique soil-cement-lined 
projects also presented as well as information on a 
new composite soil-cement/synthetic membrane 
liner system that meets the latest U.S. EPA re- 
quirements for containing hazardous wastes. (See 
also W89-01612) (Author’s abstract) 
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Laboratory test results on the dynamic shear mod- 
ulus of clay mineral mixture with sand under dy- 
namic torsion loading are presented. Various pore 
fluids, as reflected by pH values ranging from 2.0 
to 12.0, were introduced in the soil mixtures. Both 
shear modulus and maximum shear modulus were 
computed. Consolidation pressures varying from 
34.5 to 276 kPa were used. The influence of differ- 
ent pore fluids on the dynamic behavior of a sand 
clay mixture was examined with two groups of 
sand-kaolinite and sand/bentonite mixtures. For an 
acidic fluid (pH < 7): (1) with samples made of 
kaolinite and sand, the dynamic shear modulus 
increases when the pH value decreases from pH = 
7 and (2) with samples made of bentonite and sand, 
they dynamic shear modulus decreases when the 
pH value decreases from pH = 7. For an alkaline 
fluid (pH > 7), the dynamic shear modulus in- 
creases initially, but then decreases when the pH 
value decrases. In the range of pH = 4 to 10 the 
damping ratio of kalolinite and sand remains 
roughly unchanged: if the pH value is beyond this 
range the ratio will decrease. It is possible to 
explain with present theories an increase in the 
shear modulus with decreasing pH because of 
more flocculated clay strucutre or a decrease in teh 
shear modulus with increasing pH caused by a 
more dispersed clay structure. (See also W89- 
01634) (Author’s abstract) 
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The use of compacted clay or clayey materials as 
brine pond liners is generally discouraged in Alber- 
ta because of poor reported performance. This 
paper presents the results of a case study involving 
a comparison of field performance with laboratory 
test results on a compacted clay till liner at an 
operating brine pond located near Redwater, Al- 
berta. The study is somewhat unique in that the 
brine pond was drained prior to relining with high 
density polyethylene allowing block samples of the 
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liner to be obtained. The liner was exposed to 
highly concentrated brine solutions for 5 years. 
Also, a series of frequently sampled ground water 
monitoring wells around the pond provided some 
indication of the field performance. The results of 
the laboratory testing program indicated that long- 
term (5 years) exposure to brine did not apprecia- 
bly change the soil fabric, that preconditioning by 
soaking in brine prior to compaction is an effective 
method of minimizing the influence of subsequent 
brine permeation on hydraulic conductivity, and 
that samples of fresh material could be utilized in 
the laboratory to model field operating conditions 
through brine soaking. (See also W89-01661) (Au- 
thor’s abstract) 
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On January 31, 1986, an earthquake of Richter 
magnitude 4.9 occurred in northeastern Ohio 17.0 
km south of the Perry Nuclear Power Plant 
(PNPP) and 12.0 km south of the Calhio injection 
wells. Accelerometers on site at the PNPP record- 
ed accelerations as high as 0.19 to 0.23 g. Many 
instruments tripped due to high-amplitude vibra- 
tions. Microearthquake networks have recorded 16 
microearthquakes within 5.0 km of the injection 
wells with focal depths ranging from 1.0 to 3.0 km. 
A hydrological model of an anisotropic reservoir 
7.2 km wide and 18.4 km long indicates a pressure 
buildup of 5.3 MPa at the epicenter and 11.8 MPa 
at the injection well. The assumption of an aniso- 
tropic reservoir is consistent with available geo- 
physical and geologic data. A pressure increase of 
11.8 MPa, based on stress ratio estimates in crustal 
rocks in the region, is more than sufficient to 
induce failure to a depth of 5.0 km. Brittle faults 
and extensive fracture permeability within the 
basement rocks would allow for the migration of 
pressure transients to hypocentral distances. The 
indicated pressure buildup of 5.3 MPa at the epi- 
center may have been sufficient to trigger the 
earthquake. (Author's abstract) 
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Construction of the El Cajon hydroelectric project 
in Honduras began in 1980. One of the major 
aspects of the project was the treatment of the 
limestone foundation that contained solution fea- 
tures and large caves. Because of the geologic 
relationship between the limestone and nearby vol- 
canic rocks upstream, the geometry of the grout 





curtain is unique. The curtain, developed by grout- 
ing between adjacent galleries, begins at the dam, 
enters the abutments, and then curves upstream to 
close against the volcanic rocks. The curtain is 
therefore vertical in the abutments with a transi- 
tion to a nearly horizontal plane beneath the river. 
The overall shape is similar to a bathtub with the 
back of the tub open to the reservoir. A compre- 
hensive monitoring program was initiated when 
impoundment began in 1985 and will continue for 
several years. Measurements of seepage, pressures, 
and displacements are made regularly with period- 
ic review by outside consultants. At the time of 
this writing, the reservoir is 80% full and the 
performance of the foundation is considered to be 
satisfactory. (Author’s abstract) 
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The Coweeta syncline occurs in the eastern Blue 
Ridge of Southwestern North Carolina. Rocks of 
the eastern Blue Ridge are distinctly different from 
those of the western Blue Ridge because of their 
different composition and associations with par- 
ticular rock types. The name Otto Formation is 
suggested for a distinctive sequence of metasand- 
stone and aluminous schist that tectonically under- 
lies the Coweeta Group in the Little Tennessee 
Valley near Otto, North Carolina. The stratigraph- 
ic sequences in the Coweeta area consist of the 
Otto Formation, which is tectonically overlain by 
the Coweeta Group. Tallulah Falls Formation 
rocks also occur here, and it is possible that 
Coweeta Group rocks stratigraphically overlie this 
unit. Rocks of the eastern Blue Ridge were pro- 
gressively metamorphosed during the middle Pale- 
ozoic to middle and upper amphibolite facies as- 
semblages, and locally to granulite facies, in a 
Barrovian sequence. Rocks of Coweeta Hydrolog- 
ic Laboratory area were metamorphosed to the 
staurolite-kyanite subfacies (lower-middle amphib- 
olite facies). The structure of the Coweeta area is 
dominated by two early major thrusts, the Shope 
Fork and Soque River thrusts, which appear to 
overlie and underlie (respectively) rocks of the 
Coweeta syncline and were refolded by northeast- 
trending tight to isoclinal folds and whose axial 
surfaces dip towards the northwest. Subtle con- 
trols of drainage and topography by joints, dip and 
strike of foliation occur here. Extensive quaternary 
deposits of colluvium and alluvium serve as surfi- 
cial aquifers, since they are composed of unconsoli- 
dated unstratified or stratified material. Colluvium 
also moves down slope rapidly in the form of 
debris avalanches, and slowly in the form of creep- 
ing intact masses. (See also W89-01691) (Lantz- 
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Debris avalances and underlying joint systems are 
responsible for some first order streams. The se- 
quence for development of an avalanche associated 
with first order streams is as follows. A small 
depression is initiated by the subsoil intersection of 
two lenticular dilations joints with a downslope 
striking tectonic joint. Such a configuration could 
easily occur beneath a small valley. The depression 
accumulates groundwater. Chemical weathering 
proceeds faster in the depression enhancing its 
water capacity. This process can continue indefi- 
nitely or be interrupted by a violent storm. A study 
of a storm in May 1976 in the Coweeta area shows 
25 hrs of gradually increasing rainfall which 
peaked sharply at about 18 to 20 cm/hr. This peak 
coincided with a debris avalanche. The avalanche 
was initiated by hydraulic pressure fed through the 
water saturated subsoil joint system. At the storm 
peak, pressure was strong enough to break the 
adhesion between the rock and the water saturated 
soil and saprolite. The water inflated mass of rock 
and soil slide quickly down hill, leaving a chute as 
evidence of its passage. The chute is the locus of a 
new first order stream which needs only a sus- 
tained supply of water to develop into a steep- 
walled mountain valley. The major subsurface 
water controls are soil-rock, saprolite-rock inter- 
faces, dilation, and subvertical tectonic joints. Met- 
amorphism tends to promote the development of 
dilation jointing independent of foliation by reduc- 
ing the anisotropy of the rock fabric. Thalweg 
vector plots support the relation between first 
order streams and joints. The optimum place for a 
new first order stream to form is on slopes of about 
30 degrees which are covered with thin soil and 
underlain by well jointed sap-rock. (See also W89- 
01691) (Lantz-PTT) 

W89-01698 


8F. Concrete 


LABORATORY TESTING OF CEMENT-BEN- 
TONITE MIX FOR PROPOSED PLASTIC DIA- 
PHRAGM WALL FOR COMPLEXE LA- 
GRANDE RESERVOIR CANIAPISCAU, JAMES 
BAY, CANADA, 

STS Consultants Ltd., Northbrook, IL. 

S. A. Gill, and B. R. Christopher. 

IN: Hydraulic Barriers in Soil and Rock. American 
Society for Testing and Materials, Philadelphia, 
PA. 1985. p 75-92, 3 fig, 4 tab, 15 ref. 


Descriptors: *Slurry walls, *Dams, *Cements, 
*Bentonite, *Cutoff walls, *Slurries, Reservoirs, 
Trenches, Permeability, Sand, Polymers, Strain, 
Testing procedures. 


A comprehensive laboratory investigation was car- 
ried out to determine a suitable mix of cement- 
bentonite for a slurry trench cutoff wall for Cania- 
piscau Reservoir project in James Bay, Canada in 
1980. Specifications required the mix to have a 
permeability of less than 0.01 micrometers/second 
and to be able to sustain a plastic deformation of 
10% without fissuring as measured at 90 days in a 
triaxial compression test with a lateral pressure of 
196 kPa. Laboratory samples were prepared with 
different mixes of cement, bentonite, sand, and 
water and kept in a curing chamber of 100% 
humidity. Permeability determination and triaxial 
compression tests were performed after curing pe- 
riods ranging from !0 to 120 days. Over 84 speci- 
mens were tested. The compression tests included 
unconfined tests, unconsolidated-undrained tests at 
a constant rate of strain, unconsolidated-drained 
tests with varying strain rates and at a controlled 
rate of stress, and a consolidated-drained test. Per- 
meability tests were performed before and, in some 
cases, after loading. The specimens were examined 
for fissures and cracks after a strain of 10%. It was 
concluded that a mixture of 6% (by weight) Ultra 
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gel 180 bentonite and 160 kg of cement in each 
cubic meter of the mixture would meet the re- 
quired specifications. Recommendations for stand- 
ardized test procedures are made. (See also W89- 
01612) (Author’s abstract) 

W89-01618 


PRECAST CONCRETE DESIGN FOR TERTI- 
ARY WASTE TREATMENT PLANT SIGNIFI- 
CANTLY REDUCES TIME AND PROJECT 


COST, 

Burlington Industries, Inc., Greensboro, NC. Ar- 
chitectural and Structural Section. 

M. Solomon, and G. A. Rogers. 

IN: Proceedings of the 42nd Industrial Waste Con- 
ference. Purdue University, West Lafayette, Indi- 
ana, May 12-14, 1987. Lewis Publishers, Inc., Chel- 
sea, Michigan. 1988. p 447-450, 1 fig, 1 tab. 


Descriptors: *Precast concrete, *Wastewater facili- 
ties, *Costs, *Construction design, *Italy, Tertiary 
wastewater treatment, Industrial wastewater, Tex- 
tile mill wastes, Concrete, Technology transfer. 


Burlington Industries, one of the world’s largest 
textile manufacturing corporations, operates over 
80 manufacturing facilities throughout the United 
States and the world. One of Burlington’s larger 
facilities is a plant located in Frosinone, Italy, 
about 60 miles south of Rome, which produces 
cotton/polyester leisure wear and uniform fabrics. 
The Frosinone textile plant is located in a large 
industrial zone, or region, known as a Consorsio. 
The Consorsio provides water supply needs and 
wastewater treatment capacity for all the member 
industries in the zone. On February 17, 1986, Bur- 
lington Industries began a fast track pilot study, 
design and construction project to design and build 
a 3 mgd secondary waste treatment plant for the 
Frosinone operation, so the company would meet 
federal standards and bypass the limited use Con- 
sorsio plant. A new precast concrete system, 
which had been developed in Europe for contain- 
ment structures, was used to decrease the construc- 
tion period. This system offer unique option to 
conventional cast-in-place construction techniques. 
The system with an excellent record of structural 
integrity and leakproof design can offer savings 
both in time and construction cost over conven- 
tional construction methods. It is anticipated that 
this technology will be available in the United 
States by the fall of 1987. (See also W89-02006) 
(Lantz-PTT) 

W89-02049 


8G. Materials 


GEOSYNTHETICS: CLEANUP TOOLS, 

Soil and Material Engineers, Inc., Raleigh, NC. 
G. Richardson, and J. A. Bove. 

Civil Engineering CEWRA9, Vol, 58, No. 8, p 40- 
42, August 1988. 1 fig. 


Descriptors: *Geosynthetics, *Municipal wastes, 
*Landfills, *Floodwalls, *Liners, *Dikes, *Oil 
spills, *Cleanup operations, Fuel spills, Environ- 
mental sanitation, Environmental engineering. 


The use of geosynthetics in liners and drainage 
systems has become standard in constructing new 
landfills, and their qualities of chemical resistance, 
durability and cost effectiveness are also being put 
to use in environmental remediation projects. The 
application of geosynthetics to three environmen- 
tal projects is discussed: (1) as a soil cap placed on 
a pond filled with organic mucks; the pond con- 
tained significant amounts of diesel fuel spilled 
from an adjacent truckstop; (2) as a cover for a 
municipal waste landfill; (3) as a reinforcement for 
a floodwall to keep the Ohio River out of a steel 
mill’s slag heaps. (Sand-PTT) 

W89-01346 


EVALUATING THE EFFECTIVENESS OF AN 
ASPHALT CAP AT A SUPERFUND SITE, 

JRB Associates, Inc. McLean, VA. Ground 
Water Section. 

For primary bibliographic entry see Field 5E. 
W89-01682 
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GEOSYNTHETICS FOR USE IN WASTE FA- 
CILITIES, 

S and ME, Inc., Fairfield, OH. 

For primary bibliographic entry see Field 5G. 
W89-02043 


ACCELERATED AGING OF HIGH DENSITY 
POLYETHYLENE GEOMEMBRANES: A 
NOVEL APPROACH, 

Gundle Lining Systems, Inc., Houston, TX. 

For primary bibliographic entry see Field 5E. 
W89-02046 
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SEASONAL AND SPATIAL DISTRIBUTION 
OF IRON PRECIPITATING HETEROTROPHS 
IN WATER AND SEDIMENTS OF FISH 
PONDS OF DIFFERING FARMING MANAGE- 
MENTS, 

Kalyani Univ. (India). Dept. of Zoology. 

For primary bibliographic entry see Field 2H. 
W89-01271 


CONTROL OF NUISANCE POPULATIONS OF 
CRAYFISH WITH TRAPS AND TOXICANTS, 
National Fisheries Research Center, La Crosse, 
Wil. 


T. D. Bills, and L. L. Marking. 
Progressive Fish-Culturist PFCVAY, Vol. 50, No. 
2, p 103-106, April 1988. 3 tab, 15 ref. 


Descriptors: *Fish hatcheries, *Crayfish, *Chem- 
control, *Trapping, Pyrethroids, Pesticides. 


Crayfish have long been a nuisance in fish-rearing 
ponds at fish hatcheries. The rusty crayfish (Or- 
conectes rusticus) has displaced endemic species 
and caused serious declines of aquatic plants in 
some ponds and lakes in the midwestern USA. An 
attempt was made to evaluate the effect of inten- 
sive trapping on a crayfish population and to iden- 
tify a selective chemical control agent and evaluate 
its effectiveness under field conditions. A crayfish 
population in a small pond was suppressed but not 
eliminated by trapping; adults were effectively har- 
vested but efficiency diminished sharply as the 
population declined. Of 19 chemicals tested as 
possible control agents for crayfish, a synthetic 
pyrethroid (Baythroid) was by far the most toxic; 
25 micrograms/L produced a complete kill of 
crayfish in the pond and was also the most selec- 
tive for crayfish in laboratory tests. (Author’s ab- 
stract) 

W89-01345 


SUBLETHAL TOXICITY AND ACCUMULA- 
TION OF CADMIUM IN TILAPIA AUREA, 
Agricultural Coll. of Athens (Greece). Dept. of 
Applied Hydrobiology. 

For primary bibliographic entry see Field 5C. 
W89-01398 


EFFECT OF OXYGEN ON THE GROWTH OF 
YOUNG AYU, (IN JAPANESE), 

Tokyo Univ. (Japan). 

For primary bibliographic entry see Field 2H. 
W89-01509 


GEORGES BANK - COMMON GROUND OR 
CONTINUED BATTLEGROUND, 

Florida State Univ., Tallahassee. Coll. of Law. 
For primary bibliographic entry see Field 6E. 
W89-01513 


INSTREAM FLOWS NEEDED FOR SUCCESS- 
FUL MIGRATION SPAWNING AND REARING 
OF RAINBOW AND WESTSLOPE CUT- 
THROAT TROUT IN SELECTED TRIBUTAR- 
IES OF THE KOOTENAI RIVER, 

— Dept. of Fish, Wildlife and Parks, Kali- 
spell. 

For primary bibliographic entry see Field 2H. 
W89-01775 


BIOLOGICAL AND PHYSICAL INVENTORY 
OF THE STREAMS WITHIN THE NEZ PERCE 
RESERVATION: JUVENILE STEELHEAD 
SURVEY AND FACTORS THAT AFFECT 
ABUNDANCE IN SELECTED STREAMS IN 
THE LOWER CLEARWATER RIVER BASIN, 
IDAHO, 

Nez Perce Tribe, Lapwai, ID. Fisheries Resource 
Management. 

For primary bibliographic entry see Field 2H. 
W89-01776 


IDAHO HABITAT EVALUATION FOR OFF- 
SITE MITIGATION RECORD: ANNUAL 
REPORT 1985, 

Idaho Dept. of Fish and Game, Boise. 

For primary bibliographic entry see Field 2H. 
W89-01777 


INVERTEBRATE FISH FOOD RESOURCES 
OF LOTIC ENVIRONMENTS, 

Environmental Protection Agency, Washington, 
Dc. 

For primary bibliographic entry see Field 2H. 
W89-01802 


FISH PASSAGE, CONTROL DEVICES AND 
SPAWNING CHANNELS, 

Ministry of Works and Development, Wellington 
(New Zealand). 

I. G. Jowett. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 138-155, 6 tab, 20 ref. 


Descriptors: *Fish passages, *Spawning channels, 
*Fish handling facilities, *New Zealand, *Hydro- 
electric plants, Salmon, Whitebait, Spawning, 
Dams, Fish migration. 


The construction of a hydroelectric power scheme 
on a river usually creates a barrier or impediment 
to the passage of fish travelling either upstream or 
downstream. This may adversely affect the fish 
population depending upon the river, the fish spe- 
cies involved and the location of their spawning 
grounds. Some of the fish species present in New 
Zealand, such as quinnat salmon, whitebait and 
some bullies, spawn in freshwater and the young in 
the form of eggs, larvae or juveniles move into the 
sea for a period before returning to freshwater to 
complete the life cycle. Some fish, such as eels, are 
catadromous, that is the adults migrate to the sea 
to spawn and the offspring move back into fresh- 
water to complete the life cycle. Other species may 
reside in freshwater for their entire life but migrate 
from their residential areas to spawning areas. The 
need to maintain continuity between upstream and 
downstream fish populations, each of which can 
exist separately, is less clear-cut. The measures 
taken to maintain the fish population are usually 
either the provision of passage facilities or the 
provision of artificial spawning and rearing areas 
such as in spawning races and hatcheries. This 
chapter reviews information on the passage of fish 
past barriers, the problems associated with guiding 
or excluding fish and the construction and oper- 
ation of spawning channels. It also discusses provi- 
sions which have been made on New Zealand 
hydroelectric schemes. (See also W89-01871) 
(Lantz-PTT) 

W89-01883 


TROUT HATCHERIES AND FISH STOCKING, 
Ministry of Agriculture and Fisheries, Christ- 
church (New Zealand). 

R. T. Hutchinson. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 156-167, 1 tab, 4 ref. 


Descriptors: *Fish hatcheries, *Trout, *Fish stock- 
ing, *New Zealand, Hydroelectric plants, Case 
studies, Hawkes Bay, Hawara, Wellington, Fish 
management. 


Hatchery facilities currently operating throughout 
New Zealand raise trout, charr and hybrids for 
release into recreational fisheries and salmon for 


the enhancement of stocks utilized by both recre- 
ational and commercial interests. Those facilities 
which are involved in salmon culture only, are 
excluded from this paper. Hatchery facilities vary 
little in basic design but range in size and produc- 
tion capability from servicing local or district re- 
quirements, upward to those which supply limited 
national demands. Of the present hatchery estab- 
lishments those serving district requirements are 
the facilities operated by the Hawke’s Bay, 
Hawara and Wellington Acclimatization Societies, 
and the Wildlife Service (Department of Internal 
Affairs) hatchery at Wanaka. The Wildlife Service 
hatcheries at Ngongotaha and Turangi, presently 
the largest in terms of both actual and potential 
production of trout, supply requirements additional 
to regional commitments. Only the three Wildlife 
Service hatcheries continue any direct involve- 
ment in management or investigational stocking of 
hydroelectric reservoirs. This chapter outlines 
hatchery methods and techniques and reviews hy- 
droelectric power system hatchery release pro- 
grams. (See also W89-01871) (Lantz-PTT) 
W89-01884 


FISH AND FISHERIES, 

Ministry of Agriculture and Fisheries, Christ- 
church (New Zealand). Fisheries Research Div. 
S. F. Davis, and L. D. Teirney. 

IN: Aquatic Biology and Hydroelectric Power 
Development in New Zealand. Oxford University 
Press, New York. 1987. p 237-263, 3 fig, 1 tab, 3 
plates, 56 ref. 


Descriptors: *Fish, *Fisheries, *Ecological effects, 
*New Zealand, *Hydroelectric plants, Tongariro 
power development, Water resources develop- 
ment, Case studies, Political aspects, Social aspects, 
Economic aspects. 


The history of interactions between hydro-devel- 
opment and fisheries agencies in New Zealand is 
described. The country’s freshwater fisheries re- 
sources and the uses made of them and how this 
resource is and has been managed. The Tongariro 
power scheme is used as a case study to illustrate 
the complex range of effects of hydro-development 
on fisheries, and as an example of a large-scale 
fisheries investigation associated with hydro-devel- 
opment. Finally, there is a discussion of current 
political and technical approaches being adopted 
to ensure that fisheries values are maintained and 
conserved as development of the nation’s water 
resources proceeds. (See also W89-01871) (Lantz- 
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LABORATORY SIMULATION OF FISH PAS- 
SAGE THROUGH A HEATED-WATER DIS- 
CHARGE, 

Battelle Pacific Northwest Labs., Richland, WA. 
For primary bibliographic entry see Field SC. 
W89-01902 


TOXIC CONTAMINATION IN LARGE LAKES, 
VOLUME II: IMPACT OF TOXIC CONTAMI- 
NANTS ON FISHERIES MANAGEMENT. 

For primary bibliographic entry see Field 5C. 
W89-02137 


FISHERIES MANAGEMENT, WATER QUAL- 
ITY AND ECONOMIC IMPACTS: A CASE 
STUDY OF LAKE KINNERET, 

Kinneret Limnological Lab., Tiberias (Israel). 

M. Gophen. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 5-24, 5 fig, 6 tab, 44 ref. 


Descriptors: *Water quality, *Economic impact, 
*Lake Kinneret, *Israel, *Fisheries management, 
*Management planning, Grey mullet, Carp, Fish, 
Zooplankton, Biomass, Case studies, St. Peters fish, 
Pesticides. 


Lake Kinneret, Israel, currently supplies 35% (400- 
430 times 10 to the 6th power cu m/yr) of the 





national water consumption. Of this, the propor- 
tion supplied for domestic use is increasing rapidly 
because of larger demands. The lake is also utilized 
for fisheries (1800 tons/yr, i.e. 106 kg/ha), recrea- 
tion and tourism. Although the top national priori- 
ty for lake utilization is water supply, fisheries, 
especially stocking management policy, affect 
water quality. Two-thirds of the fishery income is 
due to stocked species; 40% - grey mullet, 35% - 
St. Peter's fish, 15% - silver carp, and 10% - blue 
tilapia. Recently, zooplankton biomass decreased, 
the densities of small cladocerans relative to large 
ones increased, and a reduction in Bosmina body 
size was observed Daphnia lumholtzi disappeared 
from lake Kinneret. Consequently, there was an 
intensification of fish predation on zooplankton, 
the major food source in summer. As a result, the 
biomass of nanoplankton increased, causing water 
quality deterioration. Introduced fingerlings con- 
tributed 150-320 and 85-150 kg (catch)/1,000 fin- 
gerlings/yr during 1954-1962 and 1962-1984, re- 
spectively. Stock-catch correlation values were 
high (r-squared = 0.78) when introduction varied 
between 500,000 -4,000,000 fingerlings/yr of all 
stocked fish. Fishery management recommenda- 
tions aimed at prevention of water quality deterio- 
ration, as well as sufficient income, are: elimination 
of blue tilapia and silver carp stocking; annual 
introduction of 5,000,000 - St. Peter’s fish fingerl- 
ings and 1,000,000 - grey mullet fingerlings; intensi- 
fication of bleak exploitation; and prevention of 
criminal utilization of pesticides for fishery. (See 
also W89-02137) (Author's abstract) 

W89-02138 


FISHERY TRANSFORMATION ON LAKE 
MANZALA, EGYPT DURING THE PERIOD 
1920 TO 1980, 

Manitoba Dept. of Natural Resources, Winnipeg. 
D. R. Toews. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 25-50, 2 fig, 7 tab, 16 ref. 


Descriptors: *Water pollution effects, *Lake Man- 
zala, *Egypt, *Fisheries, Water quality, Brackish 
water, Evapotranspiration, Fisheries management, 
Heavy metals, Pesticides, Nutrients. 


Lake Manzala, a brackish lake in the Nile Delta 
region of Egypt has been impacted by anthropo- 
logical and environmental factors over the past 60 
years. During this period salinities have declined 
and nutrient loading has increased on Lake Man- 
zala, in response to a two or three fold increase in 
agricultural drainwater flows, reduced evaporation 
due to approximately 50% reduction in lake area 
resulting from agricultural land reclamation and 
increased domestic sewage outfall from Cairo. Im- 
pacts of long-term water quality changes to fishing 
area: a transformation from a marine mullet to a 
freshwater tilapia-dominated fishery; a seven fold 
increase in yield per unit area; a two or three fold 
increase in gross catch value per unit area; a four 
fold increase in primary employment in terms of 
number of fisherman per unit area. Existing region- 
al differences in primary production, fish standing 
stock, fish yield and fishing effort are a function of 
drainwater impact. Areas unaffected by drainwater 
have not significantly changed over time. Levels 
of heavy metals and =— in the water column 
in sediments and in fish are somewhat elevated in 
drainwater outfall areas but within acceptable 
levels. Nutrient loads are expected to double by 
the year 2000. It is bop or that long term fisher- 
ies development on Lake Manzala be based on the 
enriched freshwater tilapia model and on the opti- 
mal utilization of existing and projected future 
increases in nutrient loading. (See also W89-02137) 
(Author's abstract) 

W89-02139 


UNITING HABITAT QUALITY AND FISHERY 
PROGRAMS IN THE GREAT LAKES, 
Great Lakes Fishery Commission, Ann Arbor, 


For primary bibliographic entry see Field 5G. 
'W89-02141 


RIVERINE AND OTHER TROPICAL LAKES 
AND THEIR FISHERIES, 

East-West Center, Honolulu, HI. 

For primary bibliographic entry see Field 2H. 
W89-02143 


EFFECTS OF CONTAMINANTS LOADINGS 
ON FISHERIES YIELDS FROM LARGE 
LAKES, 

Ontario Ministry of Natural Resources, Thunder 
Bay. Fisheries Research Section. 

For primary bibliographic entry see Field 5C. 
W89-02145 


PERSPECTIVES ON THE INFLUENCE OF 
TOXIC SUBSTANCES ON FISHERY PRODUC- 
TIVITY, 

Minnesota Univ., St. Paul. Dept. of Fisheries and 
Wildlife. 

For primary bibliographic entry see Field SC. 
W89-02147 


RESTOCKING OF GREAT LAKES FISHES 
AND REDUCTION OF ENVIRONMENTAL. 
CONTAMINANTS 1960-1980, 

Michi State Univ., East Lansing. 

H. A. Tanner. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 209-227. 


Descriptors: *Great Lakes, *Cleanup operations, 
*Fish stocking, *Water pollution effects, *Lake 
restoration, *Water quality control, *Lakes, Toxic- 
ity, Water pollution treatment, Salmon, Trout, 
Costs, Organic compounds, Pesticides, DDT, Pol- 
ychlorinated biphenyls. _ 


The Great Lakes of North America total 260,000 
- km in area and constitutes a significant portion 
of the world’s freshwater. From 1800 to 1950 this 
watershed was changed from a wilderness into the 
industrial heartland of North America. During this 
period there occurred extensive overexploitation 
of fish stocks, increased sedimentation and wide- 
spread pollution from cities and industry. Since 
1950, pollution control programs have achieved 
major improvements in water quality. Contami- 
nants with toxicity of long duration, DDT, PCB, 
Hg, dieldrin, toxaphene, mirex and others, have 
been the slowest to respond to cleanup efforts. The 
stocking of salmonids to restore the predacious 
elements of the food web, lost to excessive com- 
mercial fishing and the parasitic depredations of 
the sea lamprey, began in the late 1950s. The 
riparian states, Ontario and the federal govern- 
ments of Canada and the U.S. have stocked chi- 
nook, coho, pink salmon, lake trout, steelhead, 
brown trout and Atlantic salmon. Because of con- 
taminants the sale of fish has at times been restrict- 
ed or banned. Sport anglers have received health 
warnings. The fisheries of the Great Lakes have 
been restored and expanded by restocking, reduced 
commercial fishing and sea lamprey control. Sport- 
fishing generates annually at least $2 billion in 
economic activity. This program, beset by the neg- 
ative impacts of contamination, has included pru- 
dent restrictions and warnings to consumers con- 
sistent with levels of risk. Contaminants continue 
to decline and the health and economic worth of 
the fishery continue to improve. (See also W89- 
02137) (Author's abstract) 

W89-02148 


FISHES, FISHING AND POLLUTION IN LAKE 
VANERN (SWEDEN), 

Eco Research and Resource Planning, Bromma 
(Sweden). 

B. Lundholm. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 229-249, 13 fig, 4 tab, 10 ref. 


Descriptors: *Lake Vanern, *Sweden, *Water pol- 
lution effects, *Cleanup operations, *Fish, *Fish- 
ing, *Lakes, *Lake restoration, Salmon, Mercury, 
Hydrogen ion concentration, Fish stocking, Fish 
populations, Species diversity, Pike. 
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Lake Vanern is the third largest lake in Europe. 
Once it was a good salmon lake, but industrial 
emissions and hydroelectrical exploitations have 
affected fish populations and fishing. In 1965 high 
Hg levels were found in pike. At the same time, 
the pH in the lake as dropping and local eutroph- 
ication was recorded. Problems with fishing ap- 
peared. The commercial catch of salmon in 1970 
was down to half a ton. Thanks to new laws and 
regulations those trends are now broken. Mercury 
levels are decreasing, the pH is slowly increasing 
and the water quality as measured by transparency 
is improving. Fish catches are also increasing, but 
the catches of salmonids are still far below the pre- 
industrial catches. The changes of the salmonid 
populations are of special interest as there are plans 
to increase the number of salmon to create a base 
for an intensive sport fishery, which can give new 
jobs which are desperately needed. Restoring the 
natural reproduction is difficult as the remaining 
populations are very small and possible reproduc- 
tion sites are few. An increase of the salmonids in 
the lake must be based on stock from hatcheries. 
The present breeding stocks in the hatcheries is 
also very small and genetic investigations have 
shown that the genetic variability has been lost. 
There are now plans to protect and rebuild the 
local populations and if possible restore the genetic 
variability. It is, however, important that the 
smolts from the hatcheries are released in a way so 
they do not interfere with the natural populations. 
The goal is to re-establish Lake Venern to the best 
salmon lake in Europe. (See also W89-02137) (Au- 
thor’s abstract) 

W89-02149 


ADMINISTRATION OF THE FISH CONTAMI- 
NANT PROGRAM IN A DECENTRALIZED 
STATE AGENCY, 

Virginia Polytechnic Inst. and State Univ., Blacks- 
burg. Dept. of Fisheries and Wildlife Sciences. 
For primary bibliographic entry see Field 6E. 
W89-02150 


FRESHWATER FISHERIES MANAGEMENT 
AND POLLUTION IN BRITAIN: AN OVER- 
VIEW, 

Liverpool Univ. (England). Dept. of Zoology. 

K. O'Hara. 

IN: Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. Lewis Publishers, Chelsea, Michi- 
gan, 1988. p 265-280, 1 fig, 2 tab, 26 ref. 


Descriptors: *Water pollution effects, *England, 
*Management planning, *Fisheries, Salmon, Trout, 
Eel, Fish kill, Acidification, Toxicity, Fishing, 
Water pollution prevention. 


The most serious effects of toxic pollution in fresh- 
waters in Britain have been exhibited in rivers, 
with amelioration measures being directed at these 
problems. Freshwater fish in Britain are divided 
into game (salmonid) and coarse fishes, but total 
only 54 species. Coarse fishermen normally return 
all captured fish alive to the water body. In most 
intensively angled trout lake fisheries, fish are 
stocked as hatchery-reared, table-size fish and the 
majority of trout fisheries are of good water qual- 
ity. Other than Atlantic salmon, sea trout and ee! 
fisheries, only minor commercial freshwater fisher- 
ies for food exist, with very few in lakes. Human 
health problems associated with consumption of 
freshwater fish are therefore not perceived as a 
major concern. The different types of stillwater 
environments found in Britain are compared and 
their utilization by anglers described. Fish kill inci- 
dents have been calculated from contrasting areas 
and the occurrence of toxic induced problems, 
including those associated with acidification, are 
assessed. Information sources available to the 

ublic and anglers are assessed and two case stud- 
ies, acidification and lead poisoning in swans are 
used to illustrate fisheries management related 
problems. It is likely that current practices of fish- 
eries management will remain in the foreseeable 
future; with most major large coarse fisheries being 
more or less naturally controlled and trout fisheries 
in lakes, which are intensively angled, relying on 
artificial stocking. Pollution control of rivers will 
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remain the principal area of activity, although — 
trophication effects will have continued impo’ 
tance for still waters. (See also W89-02137) (ante. 


PTT) 
W89-02151 


ee RIVER SPRING CHINOOK EN- 
—— MENT STUDY. ANNUAL REPORT FY 


Colorado Dept. of Local Affairs, Denver. 
D. E. Fast, J. D. Hubble, and B. D. Watson. 
Available from the National Technical Information 
_—- pd age roe VA. 22161, as DE87-009902. 
Al0 in paper copy, 01 in microfiche. 
DOE Report No. DOE/BP/39461--T1, November 
1986. 18 wy $5 tab, 21 ref, 3 append. DOE 
Contract Be-al 9-83BP39461, Project No. 82-16. 


Descriptors: *Fish pulations, *Fisheries, 
*Yakima River, *Chinook salmon, *Salmon, Ecol- 
ogy, Dams, Smolt, Wapatox River, Naches River, 
Fish Cees. Reservoirs, Roza Dam, Horn Rapids, 
Prosser Dam, Fish migration, Fish hatcheries. 


A total of eight spring chinook redds were success- 
fully capped in ‘fore The mean survival to emer- 
ence was 56.7% und ranged from 21.9 to 90.0%. 
e smolt outmigration was monitored at Wapatox 
on the Naches River and Prosser on the lower 
Yakima. The spring outmigration at Wapatox was 
estimated to be 6,671 smolts. The 1986 outmigra- 
tion of wild spring chinook from the Yakima Basin 
was estimated to be 169, 076 smolts at Prosser. The 
survival from egg to smolt was calculated using 
the 1984 redd counts and the 1986 smolt outmigra- 
tion at Prosser. In 1986 a total of 8,557 adult and 
349 jack spring chinook salmon returning to the 
Yakima River were counted at Prosser fish ladder. 
This gives a total of 8.906 salmon returning to 
Prosser Dam. The median dates of passage were 
May 18 and May 26 for adults and jacks respec- 
tively. An additional 530 fish were estimated to 
have been caught in the Yakima River subsistence 
dipnet fishery below Horn Rapids and Prosser 
Dams. Therefore, total return to the Yakima 
system was 9,442 spring chinook salmon. Spring 
chinook were counted at Roza Dam from May 13 
to September 30, 1986. Passage at Roza Dam was 
2,967 adult and 284 jack spring chinook for a total 
of 3,251 fish. The median dates of passage at Roza 
Dam were June 6 and June 23 for spring chinook 
adults and jacks respectively. The smolt to adult (S 
sub sa) survival was calculated based on the 1983 
smolt outmigration estimated at Prosser and the 
1984 return of jacks (3 year old fish), the 1985 
return of four year old adults, and the 1986 return 
of five year old fish to the Yakima River. It was 
estimated that 6,102 wild three, four, and five year 
old fish ommend from an estimated smolt outmi- 
gration of 135,548 fish in 1983. This gives an 
estimated survival from smolt to adult of 4.4%. 
(Lantz- 
W89-02260 


9. MANPOWER, GRANTS 
AND FACILITIES 


9A. Education (Extramural) 


SOFTWARE FOR TEACHING PRINCIPLES OF 

CHEMICAL MOVEMENT IN SOIL, 

Florida Univ., Gainesville. Dept. of Soil Science. 

For primary bibliographic entry see Field SB. 
'W89-02208 


10. SCIENTIFIC AND 
TECHNICAL INFORMATION 


10C. Secondary Publication 
And Distribution 


SYSTEMS ANALYSIS, 
North Carolina Agricultural and Technical State 
Univ., Greensboro. Dept. of Civil Engineering. 


AS ayes tg bibliographic entry see Field 6A. 


ECONOMICS, 

East Texas State Univ., Commerce. 

For primary bibliographic entry see Field 6B. 
W89-01462 


LAW (1987 AMENDMENTS), 
Nixon, Hargraves, and Doyle, Rochester, NY. 
pal pepe bibliographic entry see Field 6E. 


INORGANICS, 

Montgomery (James M.) Consulting Engineers, 
Inc., Pasadena, CA. Montgomery Labs. 

For coord bibliographic entry see Field 5A. 


ORGANICS, 

Tennessee Technological Univ., Cookeville. 
For primary bibliographic entry see Field 5A. 
W89-01465 


WATER CHARACTERISTICS, 
For primary bibliographic entry see Field 5A. 
W89-01466 


CONTINUOUS MONITORING, AUTOMATED 
ANALYSIS, AND SAMPLING PROCEDURES, 
Oak Ridge National Lab., TN. Waste Management 
Technology Center. 

For primary bibliographic entry see Field 7B. 
W89-01467 


WASTEWATER COLLECTION, 

RJN Environmental Associates, Inc., Wheaton, 
IL. , 

For primary bibliographic entry see Field 5D. 
W89-01468 


WASTEWATER TREATMENT: PHYSICAL 
AND CHEMICAL METHODS, 
Maryland Univ., College Park. Dept. of Civil En- 
ineering 
or primary bibliographic entry see Field 5D. 
W89-01469 


ACTIVATED SLUDGE, 
State Univ. of New York at Buffalo. Dept. of Civil 


For primary bibliographic entry see Field SD. 
W89-01470 


BIOLOGICAL FIXED-FILM SYSTEMS, 
aa Hampshire Univ., Durham. Dept. of Civil 


F bibliographi t Field 5D. 
‘or primary ic entry see 
W89-01471 


in PONDS, AND AEROBIC DIGES- 
For primary bibliographic entry see Field 5D. 
W89-01472 


ANAEROBIC PROCESSES, 
Massachusetts Univ., Amherst. Dept. of Civil En- 
“~~ ing. 


primary bibliographic entry see Field SD. 
W89-01473 


SLUDGE TREATMENT, UTILIZATION, AND 
DISPOSAL, 

Oklahoma Univ., Norman. School of Civil Engi- 
neering and Environmental Science. 


For primary bibliographic entry see Field SD. 
W89-01474 _ 


ON-SITE ALTERNATIVES FOR TREATMENT 
AND DISPOS. 


age ri ag putes Se. oo 4 
iographic entry see Field 5 
weobiens” 1475 


DISINFECTION, 
_ Protection Agency, Cincinnati, 


For oni bibliographic entry see Field 5D. 
Wws89-0 


TREATMENT PLANT MANAGEMENT, OPER- 
ATION AND MAINTENANCE, 

Baker/TSA, Inc., Coraopolis, PA. 

For snr bibliographic entry see Field SD. 
W89-01477 


WASTEWATER RECLAMATION AND REUSE, 
California State Water Resources Control Board, 
Sacramento. 

For primary bibliographic entry see Field 3C. 
W89-01478 


LAND APPLICATION OF WASTEWATER, 
ERM-Southeast, Inc., Marietta, GA. 

For primary bibliographic entry see Field 5D. 
W89-01479 


HEALTH EFFECTS ASSOCIATED WITH 
WASTEWATER TREATMENT, DISPOSAL, 
AND REUSE, 

Alberta Univ., Edmonton. Div. of Health Services 
Administration. 

For primary bibliographic entry see Field SD. 
W89-01480 


URBAN RUNOFF AND COMBINED SEWER 
OVERFLOW, 

Calocerinos and Spina, Liverpool, NY. 

For primary bibliographic entry see Field 5B. 
W89-01481 


MEAT, FISH. AND POULTRY PROCESSING 
WASTES. 
For primary bibliographic entry see Field 5D. 
W800) 482 


FRUIT. GRAIN, AND VEGETABLE WASTES, 
Brigham Young Univ., Provo, UT. Dept. of Civil 
Engineering 
For primary bibhographic entry see Field 5D. 
W89-01483 


FERMENTATION INDUSTRY, 
Alabama Univ. in Birmingham. Schoo! of Public 


For primary bibliographic entry see Field 5D. 
W89-01484 


DAIRY WASTES, 
For primary bibliographic entry see Field 5D. 
wasoiass 


AGRICULTURAL WASTES, 

Georgia Tech Research Inst., Atlanta. 

For primary ic entry see Field 5D. 
'W89-01486 


TEXTILE WASTES, 

= A Resource Engineering Co., Concord, MA. 
‘or primary entry see Field 5D. 

weeps? 


COAL AND COAL MINE DRAINAGE, 
Tennessee Valley Authority, Chattanooga. Div. of 
Air and Water Resources. 

For primary bibliographic entry see Field SG. 
W89-01488 


PETROLEUM PROCESSING AND SYNTHET- 
IC FUELS, 
Scholler, P.O. Box 26968, Philadelphia, PA _ 


For primary bibliographic entry see Field 
'W89-01489 





POWER INDUSTRY WASTES, 
Tennessee pty I Knoxville. Environ- 
mental Quality Sta! 

eS” tSlingraphic entry see Field SG. 
wes. 


METAL FINISHING AND PROCESSING, 
CH2M/Hill, Reston, VA. 

For bo bibliographic entry see Field 5D. 
W89-01491 


CHEMICALS AND ALLIED PRODUCTS, 

Union Carbide Corp., South Charleston, WV. 

For primary bibliographic entry see Field 5D. 
W89-01492 


RADIOACTIVE WASTES, 

New Mexico Univ., Albuquerque. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field SE. 
W89-01493 


SOLID AND HAZARDOUS WASTES AND 
WATER QUALITY, 

Louisiana State Univ., Baton Rouge. Dept. of Civil 
Engineering. 

For primary bibliographic entry see Field 5G. 
W89-01494 


NONPOINT SOURCES, 

Northwest Colorado Council of Governments, 
Frisco. 

For primary bibliographic entry see Field 5G. 
W89-01495 


MIXING AND TRANSPORT, 
HydroAnalysis, Inc., Acton, MA 

For primary bibliographic entry see Field 5B. 
W89-01496 


LAKE AND RESERVOIR MANAGEMENT, 
Environmental Protection Agency. Dallas. TX. 
Region V1. 

For primary bibliographic entry see Field 5G. 
W89-01497 


DISSOLVED OXYGEN IN 
RESERVOIRS, 

Tennessee Valley Authority, Chattanooga. 

For primary bibliographic entry see Field 5G. 


STREAMS AND 


SCIENTIFIC AND TECHNICAL INFORMATION—Field 10 


Preparation Of Reviews—Group 10F 
EFFECTS OF CHEMICALS ON MICROORGA- 
NISMS, 


W89-01498 


GROUNDWATER QUALITY, 

North Carolina Univ., Chapel Hill. Dept. of Envi- 
ronmental Sciences and Engineering. 

For primary bibliographic entry see Field SB. 
W89-01499 


THERMAL EFFECTS, 

South Carolina Public Service Authority, Moncks 
Corner. 

For primary bibliographic entry see Field 5C. 
W89-01500 


FATE OF POLLUTANTS, 

Environmental Protection Agency, Gulf Breeze, 
FL. Gulf Breeze Environmental Research Lab. 
For primary bibliographic entry see Field 5B. 
W89-01501 


EFFECTS OF POLLUTION ON FRESHWATER 
ORGANISMS, 

American Scientific International, Duluth, MN. 
For primary bibliographic entry see Field SC. 
W89-01502 


EFFECTS ON SALTWATER ORGANISMS, 
California State Univ., Long Beach. Dept. of Biol- 
ogy. 

For primary bibliographic entry see Field 5C. 
W89-01503 


AQUATIC SEDIMENTS, 

Environmental Protection Agency, Chicago, IL. 
Environmental Services Div. 

For primary bibliographic entry see Field SB. 
W89-01504 


SUBSTRATE ASSOCIATED MICROBIOTA, 
Pennsylvania State Univ., University Park. School 
of Forest Resources. 

For primary bibliographic entry see Field 5C. 
W89-01505 


HUMAN HEALTH EFFECTS ASSAYS, 
Utah Water Research Lab., Logan. 

For primary bibliographic entry see Field SA. 
W89-01506 


Environmental Protection Agency, Washington, 
DC. Office of Toxic Substances. 

For primary bibliographic entry see Field 5C. 
W89-01507 


DETECTION AND OCCURRENCE OF WATER- 
oa BACTERIAL AND VIRAL PATHO- 


ENS, 
Virginia Polytechnic Inst., Blacksburg. 
For primary bibliographic entry see Field 5A. 
W289-1508 


Ln PROOFING BIBLIOGRAPHY, ANNO- 
‘A L 

Soil Conservation Service, Washington, DC. 

For primary bibliographic entry see Field 6F. 
W89-01807 


10F. Preparation Of Reviews 


TRANSPORT AND TRANSFORMATIONS OF 
ORGANIC CHEMICALS IN THE SOIL-AIR- 
WATER ECOSYSTEM, 

California Univ., Riverside. Dept. of Soil and En- 
vironmental Sciences 

For primary bibhographic entry see Field 2F. 
W89-01384 


TRICHLOROFETHYLENE: WATER CONTAMI- 
NATION AND HEALTH RISK ASSESSMENT, 
California Dept of Health Services, Berkeley. 
Hazard Evaluation Section 

For primary bibliographic entry see Field 5B. 
W89-01385 


BIOACCUMLULATION BEHAVIOR OF PER- 
SISTENT ORGANIC CHEMICALS WITH 
AQU ATIC ORGANISMS. 

Gniffizh Unix . Nathar (Australia). School of Aus- 
tralian Environmenial Studies 

For primary bibinographac entry see Field 5B 
W89-01386 


PARTITION OF NONIONIC ORGANIC COM- 
POUNDS TN AQUATIC SYSTEMS, 

Survey. Trenton, NJ. 
For primary bibliographic entry see Field 5B. 
W89-01387 








ACETYLENE INHIBITION 
Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 
W89-01446 7B 


ACID MINE DRAINAGE 
Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


ACID-PHASE DIGESTION 
Effects of Environmental Factors on Acid-Phase 
Digestion of Sewage Sludge, 
W89-02076 5D 


ACID RAIN 
Challenge of Acid Rain, 
W89-01380 5C 


Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


Water Characteristics, 
W89-01466 5A 


Power Industry Wastes, 
W89-01490 5G 


Lake and Reservoir Management, 
W89-01497 5G 


Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


Acid Precipitation Effects on Forest Processes, 
W89-01710 5C 


Proceedings of the Forest-Atmosphere Interac- 
tion Workshop. 
W89-01815 5B 


Chemical Interaction of a Forest Canopy with 
the Atmosphere, 
W89-01816 5B 


Forest Soils and Acid Deposition: An Overview 
and Synthesis, 
W89-01818 5B 


Handbook of Nonpoint Pollution: Sources and 
Management, 
W89-01822 5B 


ACID RAIN EFFECTS 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 sc 


Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 

W89-01601 TA 


ACIDIC WATER 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 5C 


ACIDS 
Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


SUBJECT INDEX 


ACTINOMYCETES 
Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 
W89-01453 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
strate, 

W89-01454 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 3. Synergisms with other Sludge 
Bacteria, 

W89-01455 5D 


ACTIVATED CARBON 
Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 
W89-02616 5D 


Treatment of Cr(VI) Containing Wastewater by 
Addition of Powdered Activated Carbon to the 
Activated Sludge Process, 

W89-02019 5D 


ACTIVATED SLUDGE 
Nutrient Removal Biological Oxidation of Am- 
monia Nitrogen, 
W89-01286 5D 


Biological Nutrient Control by the A/O Proc- 
ess, 
W89-01287 5D 


Variation in Properties of Sewage Sludge, 
W89-01302 5D 


Correlation of Compound Properties With Bio- 
sorption of Organic Compounds, 
W89-01325 5D 


Practical Application of Various Techniques to 
Control Sludge Bulking, 
W89-01354 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
strate, 

W89-01454 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 3. Synergisms with other Sludge 
Bacteria, 

W89-01455 5D 


Flow through Activated Sludge Flocs, 
W89-01459 5D 


Treatment of Cr(VI) Containing Wastewater by 
Addition of Powdered Activated Carbon to the 
Activated Sludge Process, 

W89-02019 5D 


ACTIVATED SLUDGE PROCESS 
Activated Sludge, 
W89-01470 5D 


Performance of World’s Largest Cyclical Acti- 
vated Sludge Process Treating Combined Mu- 
nicipal/Packing House Wastewater, 

W89-02054 5D 


Solids Settling Variability in Activated Sludge 
Secondary Clarifiers: Effect on Operation and 
Capacity, 

W89-02061 5D 


Removal of Selected Priority Pollutants Using a 
Pilot-Scale Modified Activated Sludge Process, 
W89-02062 5D 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


Activated Sludge Treatment of Selected Aque- 
ous Organic Hazardous Waste Compounds, 
W89-02064 5D 


Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


Technique to Determine Inhibition in the Acti- 
vated Sludge Process Using a Fed-Batch Reac- 
tor, 

W89-02279 5D 


ADENOSINE TRIPHOSPHATASE 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(+ +)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 5C 


ADRIATIC SEA 
Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 
W89-01304 5C 


Eutrophication in the Emilia-Romagna Coastal 
Waters in 1984-1985, 
W89-01306 SC 


Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 

W89-01307 5C 


Sediments and Pollution in the Northern Adriat- 

ic Sea, 

W89-01308 5B 
ADSORPTION 


Multi Depth Soil Gas Analyses, 
W89-01550 SA 


Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


Adsorption of Organic Chemicals onto Soil, 
W89-01867 5B 


Use of Tailored Clays for Selective Adsorption 
of Hazardous Pollutants, 
W89-02018 5D 


Mechanisms of Adsorption and Elution of Vi- 
ruses to Solids in the Natural Environment, 
W89-02118 5B 


ADVECTION 
Finite Element Characteristic Advection Model, 
W89-01418 5B 


Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 

W89-01559 5B 


AERATED LAGOONS 
Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 
W89-01451 5D 


Lagoons, Ponds, and Aerobic Digestion, 
W89-01472 5D 


Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 

W89-02020 5D 


AERATION 
Operation of Extended Aeration Package Treat- 
ment Plants. 
W89-01820 sD 


SU-1 





AERATION ZONE 


AERATION ZONE 
Recharge Estimation from the Depth-Distribu- 
tion of Environmental Chloride in the Unsatu- 
rated Zone: Western Australian Examples, 
W89-02233 2F 


AERIAL PHOTOGRAPHY 
Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


AEROBIC DIGESTION 
Lagoons, Ponds, and Aerobic Digestion, 
W89-01472 5D 


AEROMONAS 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


AEROSOLS 
Recovering Viruses from Aerosols, 
W89-02114 SA 


AGRICULTURAL CHEMICALS 
Contribution of Agricultural 
Worldwide Chemical Distribution, 
W89-02159 5B 


Pesticides to 


Agriculture and Natural Resources: The Broad- 
ening Horizon, 
W89-02197 6A 


AGRICULTURAL RUNOFF 
Role of Aquatic Macrophytes in Nutrient Flow 
Regulation in Lotic Ecosystems, 
W89-01610 5B 


Long-Term Impacts of Agricultural Runoff in a 
Louisiana Swamp Forest, 
W89-01848 


Ecological Parameters 
Plant Growth, 
W89-01994 2E 


Influencing Aquatic 


AGRICULTURAL WASTES 
Agricultural Wastes, 
W89-01486 5D 


AGRICULTURAL WATERSHEDS 
Controlling Nitrate Leaching in Water Supply 
Catchments, 
W89-01349 5G 


AGRICULTURE 

Effects of the Development of Rural Water 
Supply on the Geographic Rhythm of the Vil- 
lagers and Agriculture in the Mtwara Region of 
Tanzania (Maaseudun Vesihuollon Paranemisen 
Vaikutus Kylalaisten Maantieleelliseen Rytmiin 
Ja Maanviljelyyn Mtwaran Laanin Alueella 
Tansaniassa), 

W89-01312 3D 


Pollution Hazards of Agriculture, 
W89-02185 5B 


Perspective on Soil and Water Conservation and 
Agriculturally Related Groundwater Contami- 
nation, 

W89-02198 4C 


AIR POLLUTION 
Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


Toxaphene: Usage, Aerial Transport and Depo- 
sition, 
W89-02133 5B 


Significance of Atmospheric Inputs of Toxic 
Materials to Large Lakes, 
W89-02161 5C 


S$U-2 


SUBJECT INDEX 


Transfer of Toxic Substances at the Air-Water 
Interface - Introduction and Examples from the 
North Sea, 

W89-02168 5B 


AIR POLLUTION EFFECTS 
Challenge of Acid Rain, 
W89-01380 5C 


AIR POLLUTION SOURCES 
Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


AIR STRIPPING 
Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene, 
W89-01290 5D 


AIR-WATER INTERFACE 
Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


AIR-WATER INTERFACES 
Transfer of Toxic Substances at the Air-Water 
Interface - Introduction and Examples from the 
North Sea, 
W89-02168 5B 


ALABAMA 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 

'W89-02095 5D 


ALASKA 
Recharge-Discharge Function of Wetlands near 
Juneau, Alaska: Part II. Geochemical Investiga- 
tions, 
W89-01403 2A 


ALBERTA 
Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 5E 


ALGAE 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 
W89-01274 2H 


Seasonal Variations of Phytoplankton in a Series 
of Waste Treatment Lagoons (Chimkent, Cen- 
tral Asia): I. Artificial Inoculation and Role of 
Algae in Sewage Purification, 

W89-01275 5D 


Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 7C 


Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


Periphyton, 
W89-01887 2H 


Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 

W89-01931 SA 


Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


Effects of Contaminants on Algae: An Over- 
view, 
W89-02127 5C 


ALGAL CONTROL 
Algae Flocculation in Reservoir Water, 
W89-01285 5G 


ALGAL GROWTH 
Effects of Oil Refinery Effluents on Selenastrum 
capricornutum Printz, 
W89-01272 sc 


ALKYLBENZENE SULFONATE 
Effect of Diet on the Sensitivity of Daphnia 
magna to Linear Alkylbenzene Sulfonate, 
W89-01934 5A 


ALLUVIAL AQUIFERS 
Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 
W89-01316 5B 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 

W89-01317 2F 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 SA 


Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


ALPINE REGIONS 
Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


ALUM 
Algae Flocculation in Reservoir Water, 
W89-01285 5G 


ALUMINUM 
Design Criteria for the Removal of Organic 
Matter from Water with Aluminum, 
W89-01434 5F 


ALUMINUM COMPOUNDS 
Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


AMMONIA 
Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 
W89-02283 5D 


AMPHIPODS 
Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


ANAEROBIC CONDITIONS 
Anaerobic Processes, 
W89-01473 





ANAEROBIC DIGESTION 
Anaerobic Processes, 
W89-01473 5D 


Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 5D 


Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
'W89-02069 5D 


Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 
W89-02071 5D 


Anaerobic Pilot Plant Studies for Dairy Plant 
Wastewaters, 
W89-02072 5D 


Anaerobic Treatment of Dairy Wastewater, 
W89-02073 


Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


High-Rate Anaerobic Waste Treatment - How 
High, 
'W89-02075 5D 


Toxicity of Sulfides to the Anaerobic Treatment 
Process, 
W89-02077 5D 


Anaerobic Treatment of Tannery Wastewater, 
W89-02078 5D 


Anaerobic Pretreatment of High Strength 
Wastewaters Using a Reactive Growth Support 
Media, 

W89-02079 5D 


Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 

W89-02277 5D 


ANIMAL WASTES 
Assessing Animal Waste Systems Impacts on 
Groundwater: Occurrences and Potential Prob- 
lems, 
W89-02203 5B 


ANION EXCHANGE 
Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


ANTARCTICA . 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 

W89-01274 2H 


AQUATIC ANIMALS 
Invertebrates, 
W89-01889 


AQUATIC ENVIRONMENT 
Aquatic Invertebrate Research, 
W89-01703 


SUBJECT INDEX 


Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 5A 


Detroit River, Michigan: An Ecological Profile, 
W89-01806 2H 


Aquatic Biology and Hydroelectric Power De- 
velopment in New Zealand. 
W89-01871 6G 


Aquatic Macrophytes, 
W89-01888 6G 


Invertebrates, 
W89-01889 6G 


Factors Affecting the Acceptance and Rejection 
of Genetically Altered Microorganisms by Es- 
tablished Natural Aquatic Communities, 

W89-01908 5B 


Human Exposure to Persistent Aquatic Con- 
taminants: A PCB Case Study, 
W89-02131 5B 


AQUATIC HABITATS 
Structure of Periphytic Communities in Cooling 
Pond of Nuclear Power Plant, 
W89-01273 2H 


Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


Microhabitat Use by the Bigmouth Chub Noco- 
mis platyrhynchus in the New River, West Vir- 
ginia, 

W89-01333 2H 


Thermal Effects, 
W89-01500 5C 


Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 SA 


AQUATIC LIFE 
Are the ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses’ Based on Sound 
Judgments, 
W89-01962 5G 


AQUATIC PLANTS 
Effects of Surface-Active Agents on the Salinity 
Tolerance of Water Hyacinth (Eichhornia cras- 
sipes), 
W89-01329 5D 


Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 

W89-01607 7C 


Aquatic Noxious Plants Legislation, 
W89-01879 6E 


Periphyton, 
W89-01887 2H 


Aquatic Macrophytes, 
W89-01888 6G 


Environmental Management of Water Projects. 
W89-01990 4A 


Ecological Parameters 
Plant Growth, 
W89-01994 2E 


Influencing Aquatic 


Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


Strategies for Aquatic Vegetation Management, 
W89-02001 4A 


AQUATIC TOXICOLOGY 


Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 

W89-02273 5D 


AQUATIC POPULATIONS 
Current Studies on Species Interactions and 
Community Ecology of Macrobenthos in Interti- 
dal Flats: A Review, (in Japanese), 
W89-01381 2L 


AQUATIC PRODUCTIVITY 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 


Factors Controlling the Secondary Productivity 
of Benthic Macroinvertebrates in Freshwaters: 
A Review, (in Japanese), 

W89-01382 2H 


Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 7C 


AQUATIC SEDIMENTS 
Recovering Viruses from Soils and Aquatic 
Sediments, 
W89-02115 SA 


AQUATIC TOXICOLOGY 
Aquatic Toxicology and Environmental Fate: 
Ninth Volume. 
W89-01892 5B 


Proposed Goal of Applied Aquatic Toxicology, 
W89-01893 5C 


Toward a Meaningful Interaction Between 
Ecology and Aquatic Toxicology, 
W89-01894 5C 


Phenomenological 
Development, 
W89-01898 SC 


Perspective of Ecological 


Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 x 


Protecting Aquatic Resources: An Ecologist’s 
Perspective, 
W89-01900 5G 


Can Biological Monitoring Early Warning Sys- 
tems be Useful in Detecting Toxic Materials in 
Water, 

W89-01901 5A 


Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 5C 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 

W89-01905 SC 


Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 

W89-01909 5C 


Metabolism of Benzo(a)pyrene by a Mixed 
Function of Oxygenase System in Blue Crabs, 
Callinectes sapidus, 

W89-01910 5C 


Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
Ws89-01911 5C 


Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 

W89-01912 5C 


SU-3 





AQUATIC TOXICOLOGY 


Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 5A 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 5B 


Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


Validation of Collaborative Testing Guidelines, 
W89-01917 SA 


Why Round-Robin Testing with Zooplankton 
Often Fails to Provide Acceptable Results, 
W89-01918 5A 


Factors Affecting the Culture of Daphnia 
magna, 
W89-01919 SA 


Effect of Diet on Copper Toxicity to Neanthes 
arenaceodentata (Annelida: Polychaeta), 
W89-01920 sc 


Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 

W89-01921 5C 


Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 
tive Testing: Experience with a Soil Toxicity 
Bioassay, 

W89-01923 SA 


Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 

W89-01924 sc 


Effect of Natural Water Source on the Toxicity 
of Chemicals to Aquatic Microorganisms, 
W89-01925 SA 


Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 

W89-01926 5C 


Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 

W89-01927 5A 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 SA 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 SA 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 5C 


Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 

W89-01931 SA 


Cyanophage Assay as a New Concept in the 


Study of Environmental Toxicity, 
W89-01932 SA 


su-4 


SUBJECT INDEX 


Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 5A 


Effect of Diet on the Sensitivity of Daphnia 
magna to Linear Alkylbenzene Sulfonate, 
W89-01934 5A 


Study of the Reliability of Daphnia Acute Tox- 
icity Tests, 
W89-01935 5A 


Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 
W89-01936 SA 


New Aquatic Bioassay Technique Using Wyeo- 
myia smithii, the Pitcher-Plant Mosquito, 
W89-01937 SA 


Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 5A 


Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controiied 
Laboratory Conditions, 

W89-01939 x 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 Fe 


Use of Biochemical Measurements to Detect 
Pollutant-Mediated Damage to Fish, 
W89-01941 5C 


Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 

W89-01943 SA 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 SA 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 poe 


Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 5A 


Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 SA 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 5A 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 SA 


Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 

W89-01951 TA 


Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 

W89-01952 5C 


Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 


ity, 
W89-01953 5B 


Implications of Waste Disposal in Coastal 
Waters on Fish Populations, 
W89-01954 5C 


Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 5C 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 

W89-01956 7B 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


Effect of Physicochemical Form on Copper 
Availability to Aquatic Organisms, 
W89-01959 5B 


Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


Are the ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection 
of. Aquatic Life and Its Uses’ Based on Sound 
Judgments, 

W89-01962 5G 


How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 5G 


Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 

W89-01966 5G 


Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 

W89-01967 5G 


AQUATIC WEED CONTROL 


Fate and Persistence of Aquatic Herbicides, 
W89-01383 


Aquatic Noxious Plants Legislation, 
W89-01879 6E 


* Aquatic Weed Problems, 
W89-01882 4A 


Environmental Management of Water Projects. 
W89-01990 4A 


Characteristics of Some Large-Scale Reservoirs 
in the U.S. and Canada, 
W89-01992 2H 


Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 





Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


Technical Review of the Factors Affecting 2,4- 
D for Aquatic Use, 
W89-01996 4A 


Technical Review of the Factors Affecting En- 
dothall for Aquatic Use, 
W89-01997 4A 


Technical Review of Factors Affecting Diquat 
for Aquatic Use, 
W89-01998 4A 


Technical Review of the Factors Affecting 
Aquatic Use of Dichlobenil, 
W89-02000 4A 


Strategies for Aquatic Vegetation Management, 
W89-02001 4A 


AQUATIC WEEDS 
Aquatic Noxious Plants Legislation, 
W89-01879 6E 


Aquatic Weed Problems, 
W89-01882 4A 


AQUIFER 
Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


AQUIFER CHARACTERISTICS 
Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 7C 


Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 

W89-01587 2F 


Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


AQUIFER RESTORATION 
On-Site Treatment Systems for Aquifer Restora- 
tion Biological Treatment, 
W89-02029 5G 


AQUIFER SYSTEMS 
Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
'W89-02226 2F 


AQUIFER TESTING 
Dimensionless Time-Drawdown Plots of Late 
Aquifer Test Data, 
W89-01407 2F 


AQUIFERS 
Nitrate Content in Fracture Zone Groundwater 
in the Humid Tropics as Related to Deforest- 
ation (La Teneur en Nitrates des Nppes de 
Fssures de la Zone Tropicale Humide en Rela- 
tion avec les Problemes de Deforestation), 
W89-01309 4c 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 

W89-01317 2F 


Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 

W89-01319 2H 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 


uifer Material, 
W89-01328 5B 


SUBJECT INDEX 


Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 

W89-01360 5B 


Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 

W89-01402 5B 


Interpretation of Well and Field Data in a Heter- 
ogeneous Layered Aquifer Setting, Appalachian 
Plateau, 

W89-01405 2F 


Environmental Controls 
Energy Exploitation, 
W89-01528 6G 


over Geothermal 


Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 B 


Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 

W89-01670 5B 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


BALSEQ - A Model for the Estimating of 
Water Balances, Including Aquifer Recharges, 
Requiring Scarce Hydrologic Data, 

W89-02242 2F 


Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


Estimation of Recharge of Sand Aquifer of the 
Island of Mannar, Sri Lanka, 
W89-02250 2F 


Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 

W89-02254 2F 


AQUITARDS 
Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


ARABIAN GULF 
Model of Residual Currents and Pollutant 
Transport in the Arabian Gulf, 
W89-01361 5B 


ARCHAEOLOGY 
Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 2, Part 1 - The 
Brady Wash Sites. 
W89-01781 6G 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 2, Part 2 - The 
Brady Wash Sites. 

W89-01782 6G 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 

W89-01803 6G 


ARIZONA 


Historic Role of a Large Lake in Japan - The 
Case of Lake Biwa, 
W89-02178 6G 


ARCTIC REGIONS 
Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 
W89-02126 5B 


ARDECHE RIVER 

Multitable analyses in Factorial Ecology: II. 
Longitudinal Stratification of the Ardeche, Be- 
ginning with Physico-chemical Descriptors (Les 
analyses multitableaux en ecologie factorielle: I. 
Stratification longitudinale de l’Ardeche a partir 
de descripteurs physico-chemiques), 

W89-01293 2H 


AREAL PRECIPITATION 
Objective Rainfall Evaluation in Radar Hydrol- 


ogy, 
W89-01368 7C 
ARGENTINA 

Industrial Siting in a Developing Country the 
Case of Argentina - Its Context - the Environ- 
mental Dimension, Hazardous Waste and Large 
Lakes, 

W89-02184 6G 


Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 

W89-02247 2F 


ARID LANDS 
Evaporation in Arid and Semi-Arid Regions, 
W89-02228 2D 


Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 

W89-02229 7B 


Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 

W89-02236 2F 


Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


Quantification of Groundwater Recharge in 
Arid Regions: A Practical View for Resource 
Development and Management, 

W89-02243 2F 


Humid and Arid Zone Groundwater Recharge - 
A Comparative Analysis, 
W89-02255 2F 


ARID REGIONS 
Cisterns for Water Conservation and Flood 
Control, 
W89-01370 4A 


ARIZONA 
Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 2, Part 1 - The 
Brady Wash Sites. 
W89-01781 6G 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 2, Part 2 - The 
Brady Wash Sites. 

W89-01782 6G 


su-5 





AROMATIC COMPOUNDS 


AROMATIC COMPOUNDS 
Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 
W89-01562 5B 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 5B 


ARSENIC 
Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 
W89-01316 5B 


Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


ARTHROPODS 
Soil Arthropods atid Theit Role it Decomposi- 
tion and Mineralization Processes, 
W89-01702 2G 


ARTIFICIAL TRACERS 
Behavior of Aftificial Tracers, 
W89-01983 


ARTIFICIAL WETLANDS 
Desigit and Use of Artificial Wetlatids, 
W89-01829 2H 


Mosquito Considerations in the Desig of Wet- 
land Systems for the Treatinent of Wastewater, 
W89-01830 5D 


ATCHAFALAYA RIVER 
Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Desctip- 
tion and Data, Volume I: Main Text, 
W89-01825 2L 


ATOMIC ABSORPTION SPECTROMETRY 
Atomic Absorption Spectrometric and Synergis- 
tic Spectrophotometric Microdetermination of 
Hafnium in Alloys and Environmental Samples, 
W89-01526 5A 


AUSTRALIA 
Water Erosion in the Dryland Cropping Regions 
of Australia. 4. Land and Land Use Data for a 
Relative Assessment of Potential Soil Movement 
in Victoria, 
W89-01804 2J 


Recharge Estimation from the Depth-Distribu- 
tion of Environmental Chloride in the Unsatu- 
rated Zone: Western Australian Examples, 

W89-02233 2F 


AUTOMATION 
Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


AVALANCHES 
Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


AYU 
Effect of Oxygen on the Growth of Young Ayu, 
(in Japanese), 
W89-01509 2H 


BACTERIA 
Bacterial Activity in a Reservoir Determined by 
Autoradiography and its Relationships to Phyto- 
and Zooplankton, 
W89-01277 2H 


SU-6 


SUBJECT INDEX 


Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 

W89-01279 5C 


Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 SA 


Syngenetic Origin of Gypsum Crystals Bearing 
Bacterial Calcite Neoformation, Discovered 
within Suspended Matter in the Loire River 
Estuary, 

W89-01512 2L 


Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


BACTERIAL ANALYSIS 
New Selective Agat Mediuti for Recovery of 
Staphylococcus atifetis in Waters (Utilisation 
duh fiouveau milied de cultufe selectif pour 
Visolement de Staphylococcus aureus datis dif- 
fererits types d’eati), 
W89-01310 5A 


Physico-chettiieal, Bacteriological, atid Biologi- 
eal Study of the Genevan Allondon River Basin 
(Etude Physico-chitique, Bacteriologique et 
Biologique de |’ Allonidon Getievoise), 

W89-01314 5C 


Makimutii Likelihodd Analysis of Disinfection 
Kinetics, 
Ws89-01444 5D 


Evaluation of Direct Microscopical Courts and 
Endotoxii Measutemefts as Alterfiatives for 
Total Plate Counts, 

W89-01458 5A 


BACTERIOPHAGE 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


BALSEQ MODEL 
BALSEQ - A Model for the Estimating of 
Water Balances, Including Aquifer Recharges, 
Requiring Scarce Hydrologic Data, 
W89-02242 2F 


BARIUM 
Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


BAY OF POZZUOLI 
Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


BEACH EROSION 
Sand Rights: Using California’s Public Trust 
Doctrine to Protect Against Coastal Erosion, 
W89-01519 6E 


BEACHES 
Sand Rights: Using California’s Public Trust 
Doctrine to Protect Against Coastal Erosion, 
W89-01519 6E 


BEDROCK 
Detection and Delineation of a Fuel Oil Plume 
in a Layered Bedrock Deposit, 
W89-01547 7A 


BENTHIC ENVIRONMENT 
Some Methods for Measuring Effects of Toxi- 
cants on Laboratory- and Field-Colonized Estu- 
arine Benthic Communities, 
W89-01785 xc 


BENTHIC FAUNA 
Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 2H 


Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 

W89-01313 2H 


Current Studies on Species Interactions and 
Community Ecology of Macrobenthos in Interti- 
dal Flats: A Review, (in Japanese), 

W89-01381 2L 


Factors Controlling the Secondary Productivity 
of Betithic Mactoitivertebrates in Freshwaters: 
A Review, (in Japatiese), 

W89-01382 2H 


lniteractions Between Seditient Contaminants 
atid Benthic Orgatisiis, 
W89-01719 5B 


BENTHIC ORGANISMS 


Toxic Containifiants aid Benthic Organisitis if 
the Great Lakes: Cycling, Fate aiid Effects, 
W89-02128 5B 


BENTHOS 


livestigations of the Betithos of Matigtove 
Coastal Lagoons in Soiitheri Cuba, 
W89-01281 aL 


Seasotial and Spatial Variability i Macfo- 
berithos Corimiunities in Jaiiaica Bay, New 
York: An Urban Estuary, 

W89-01424 5C 


Macrobenthic Communities from Wetland Im- 
poundments atid Adjacent Open Marsh Habitats 
in South Carolina, 

W89-01425 2L 


BENTONITE 
Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 

W89-01618 8F 


Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 

W89-01623 8D 


BENZENES 
Comparison of Ground Water Cleanup Levels; 
Two Case Histories, 
W89-01532 5G 


Electro-Osmotic Removal of Benzene From a 
Water Saturated Clay, 
W89-01538 5G 


Nitrate Remediation of Gasoline Contaminated 
Ground Waters: Results of a Controlled Field 
Experiment, 

W89-01539 5G 


Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 





Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 

W89-01562 5B 


Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


BENZO (A)PYRENE ' 
Metabolism of Benzo(a)pyrene by a Mixed 
Function of Oxygenase System in Blue Crabs, 
Caillinectes sapidis, 

W89-01910 5€ 


Biotransfortation of Benzo(a)pyrene by Mer- 
cefiafia mefeenaria and Crassostrea virginica, 
W89-01911 5€ 


BIBLIOGRAPHIES 
Flood Proofing Bibliography, Annotated: 
W89-01807 


BICOL RIVER BASIN 
Lessons from EIA for Bicol River Developinent 
in Philippities, 
W89-01367 6G 
BILE 
Detection of Drilling Mud-Base Oil in the Bile 


of Trout, Salmo gairdneri, 
W89-01301 5B 











Assessment of Water Contamination by Chioro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 

W89-01912 5c 


Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


BINDING 
Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


BIOACCUMULATION 
Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 5B 


Bioaccumulation Behavior of Persistent Organic 
Chemicals with Aquatic Organisms, 
W89-01386 5B 


Sublethal Toxicity and Accumulation of Cadmi- 
um in Tilapia aurea, 
W89-01398 5C 


Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 

W89-01399 5B 


Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 

W89-01448 SB 


Effects of Fluoride Concentration in Seawater 
on Growth and Fluoride Accumulation by 
Sydney Rock Oyster (Saccostrea commercialis) 
and Flat Oyster (Ostrea angasi) Spat, 

W89-01452 


Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 


ganisms, 
W89-01724 5A 


Consequences of Environmental Contamination 
by Lead Mining in Wales, 
W89-01733 5B 


Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 5c 


Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


Bvaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 

Wa9-01931 5A 


Comparison of System Design and Reprodue- 

ibility to Estimate Bioconeentration of Di-n-hex- 

Pee by Daphiia magna, 
89-01943 5A 

Approach to Sewage Sludge Bioaccumulation 

Potential Tests, 

W89-01946 5C 


Using the Natural Detoxification Capacities of 
Marifie Orgariisms to Assess Assitnilative Capac- 


ity, 
W89-01953 5B 


Role of Sediment Organie Matter of Sorption- 
Desorption Reactions and Bioavailability of 
Mereury and Cadmium in an Intertidal Beosys- 


tem, 
W89-01958 5B 


Effect of Physicochemical Form on Copper 
Availability to Aquatic Organisms, 
W89-01959 5B 


Contaminants in Selected Fishes from the Upper 
Great Lakes, 
W89-02140 5B 


BIOASSAY 
Effects of Oil Refinery Effluents on Selenastrum 
capricornutum Printz, 
W89-01272 $C 


Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 

W89-01297 5A 


Acute Toxicity of Cyanogen Chloride to Daph- 
nia magna, 
W89-01393 5C 


Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 

W89-01395 SA 


Effects of Pollution on Freshwater Organisms, 
'W89-01502 5C 


Human Health Effects Assays, 
W89-01506 


Effects of Chemicals on Microorganisms, 
W89-01507 


Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


Phytoplankton Bioassays for Evaluating Toxici- 
ty of In Situ Sediment Contaminants, 
W89-01723 sc 


Community Toxicity Testing. 
W89-01783 5C 


Some Methods for Measuring Effects of Toxi- 
cants on Laboratory- and Field-Colonized Estu- 
arine Benthic Communities, 

W89-01785 5C 


Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787. 5c 


Effect of 3-Trifluc trop on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 

W89-01795 5A 





‘hel .4. Nii hh 1 
1-4-INT 


Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 

W89-01799 5C 


Asséssinent of Water Contamination by Chloto- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 

W89-01912 5€ 


Passive Perchotionic Carcinogen Bioassay Using 
Rainbow Trout (Salo gairdneri) Embryos, 
W89-01914 5A 


Validation of Collaborative Testing Guidelines, 
W89-01917 5A 


Factors Affecting the Culture of Daphitia 
thagiia, 
Wa9-01919 5A 


Effect of Diet oh Copper Toxicity to Neanthes 
arétiaceodentata (Atinelida: Polychaeta), 
ws89-01920 5c 


Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 

W89-01921 5c 


Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 
tive Testing: Experience with a Soil Toxicity 
Bioassay, 

W89-01923 5A 


Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 

W89-01924 5c 


Effect of Natural Water Source on the Toxicity 
of Chemicals to Aquatic Microorganisms, 
W89-01925 SA 


Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 

W89-01926 5C 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 5c 


Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 

W89-01931 SA 


Study of the Reliability of Daphnia Acute Tox- 
icity Tests, 

W89-01935 SA 
Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 

W89-01936 SA 


New Aquatic Bioassay Technique Using Wyeo- 


myia smithii, the Pitcher-Plant Mosquito, 
W89-01937 5A 


SU-7 





BIOASSAY 


Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 5A 


Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 

W89-01939 3c 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5C 


Use of Biochemical Measurements to Detect 
Pollutant-Mediated Damage to Fish, 
W89-01941 7 


Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 

W89-01943 SA 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 SA 


Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 5A 


Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 5A 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 SA 


Effects of Contaminants on Alsae: An Over- 
view, 
W89-02127 x 


BIOASSAYS 
Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 5A 


Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 

W89-02129 SA 


Toxicity Assays and Molecular Structure Toxic- 


ity, 
W89-02270 5D 


BIOAUGMENTATION 
Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 5D 


Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 

W89-02035 5D 


BIOAVAILABILITY 
Partitioning of Trace Metals in Sediments: Rela- 
tionships with Bioavailability, 
W89-01718 5B 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compaitment, 

W89-01956 7B 


SU-8 


SUBJECT INDEX 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 


tem, 
W89-01958 5B 


Effect of Physicochemical Form on Copper 
Availability to Aquatic Organisms, 
W89-01959 5B 


Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


BIOCHEMICAL ANALYSIS 
Use of Biochemical Measurements to Detect 
Pollutant-Mediated Damage to Fish, 
W89-01941 5C 


BIOCHEMISTRY 
Biological Processes Involved in the Cycling of 
Elements Between Soil or Sediments and the 
Aqueous Environment, 
W89-01717 5B 


BIOCONCENTRATION 
Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 
W89-01448 5B 


Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 

W89-02122 5B 


BIODEGRADATION 
Fate and Persistence of Aquatic Herbicides, 
W89-01383 5B 


Mass Transport to Streambed Biofilms, 
W89-01449 5B 


Nitrate Remediation of Gasoline Contaminated 
Ground Waters: Results of a Controlled Field 
Experiment, 

W89-01539 5G 


Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 

W89-01556 5B 


Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 

W89-01559 5B 


Remediation of Ground-Water Contamination 
Resulting from the Failure of a Ciass I Injection 
Well: A Case History, 

W89-01581 5G 


Principles of Bioreclamation of Contaminated 
Ground Water and Leachates, 
W89-01644 5G 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 

W89-01846 5D 


Biotransformation, 
W89-01868 5B 


Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 
ity, 

W89-01953 5B 


Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 SB 


Carbamate Pesticides, 
W89-01978 5A 


Biodegradation of Oilfield Production Pit 
Sludges, 
W89-02025 5D 


Biodegradation of Organic Compounds in 
Anoxic Groundwater Systems, 
W89-02027 5G 


Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 

W89-02282 5D 


Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


BIOENGINEERING 


Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


BIOFILMS 


Mass Transport to Streambed Biofilms, 
W89-01449 5B 


Biological Fixed-Film Systems, 
W89-01471 5D 


Biofilm Characteristics in a Fluidized-Bed Bior- 
eactor, 
W89-02017 5D 


BIOGASIFICATION 


Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


BIOINDICATORS 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 
W89-01395 5A 








Influence of Indicator Bacteria on the Incidence 
of Salmonella in Aquatic Environment, 
W89-01510 SA 


Intercalibration of Analytical Methods on 
Marine Environmental Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/OC). 

W89-01780 5A 


Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


Intercalibration of Analytical ethods on Marine 
Environmental Samples: Results of MEDPOL II 
Exercise for the Intercomparison of Trace Ele- 
ment Measurements on Mussel Tissue Homog- 
enate and Marine Sediment (MA-M-2/TM and 
SD-N-1/2/TM). 

W89-01813 5A 


Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 po 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 

W89-01905 5C 


Cyanophage Assay as a New Concept in the 
Study of Environmental Toxicity, 
W89-01932 5A 


Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 5A 


BIOLOGICAL MAGNIFICATION 


Bioaccumulation Behavior of Persistent Organic 
Chemicals with Aquatic Organisms, 
W89-01386 5B 


Intercalibration of Analytical Methods on 
Marine Environmental Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/O0C). 

W89-01780 5A 


BIOLOGICAL STUDIES 
Biological and Physical Inventory of the 
Streams within the Nez Perce Reservation: Ju- 
venile Steelhead Survey and Factors that Affect 
Abundance in Selected Streams in the Lower 
Clearwater River Basin, Idaho, 
W89-01776 2H 


Validation of Collaborative Testing Guidelines, 
W89-01917 5A 


Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 


Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


Competitive Kinetic Model of Suspended- 
Growth Inhibited Biological Systems, 
W89-02271 5D 


BIOLOGICAL TREATMENT 
Principles of Bioreclamation of Contaminated 
Ground Water and Leachates, 
W89-01644 5G 


Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 


SUBJECT INDEX 


Carbon and Nitrogen from Chemical Industry 
Wastewater, 
W89-02016 5D 


Biotreatment Inhibition by Hazardous Com- 
pounds in an Integrated Oil Refinery, 
W89-02024 5D 


Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 

W89-02028 5G 


On-Site Treatment Systems for Aquifer Restora- 
tion Biological Treatment, 
W89-02029 5G 


Biological Treatment, 
W89-02106 5D 


International Conference on Innovative Biologi- 
cal Treatment of Toxic Wastewaters. 
W89-02267 5D 


Biological Treatment of Toxics in Wastewater: 
The Problems and Opportunities, 
W89-02268 5D 


Hazardous Waste 
Treatment, 


W89-02269 5D 


Management: Biological 


Effect of Inorganic Cations on Biological Fixed- 
Film Systems, 
W89-02275 5D 


Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


SBR Treatment of Hazardous Wastewater - 
Full-Scale Results, 
W89-02281 5D 


Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 

W89-02283 5D 


High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


BIOLOGICAL TREATMENT WASTEWATER 
Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 

W89-02094 5D 


BIOLOGICAL WASTEWATER TREATMENT 
Seasonal Variations of Phytoplankton in a Series 
of Waste Treatment Lagoons (Chimkent, Cen- 
tral Asia): I. Artificial Inoculation and Role of 
Algae in Sewage Purification, 

W89-01275 5D 


Packed- and Fluidized-Bed Biofilm Reactor Per- 
formance for Anaerobic Wastewater Treatment, 
W89-01284 


Nutrient Removal Biological Oxidation of Am- 
monia Nitrogen, 
W89-01286 5D 


Biological Nutrient Control by the A/O Proc- 
ess, 
W89-01287 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 

W89-01453 sD 


BIOREACTORS 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
strate, 

W89-01454 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 3. Synergisms with other Sludge 
Bacteria, 

W89-01455 5D 


Activated Sludge, 
W89-01470 5D 


Biological Fixed-Film Systems, 
W89-01471 5D 


Anaerobic Processes, 
W89-01473 5D 


Sludge Treatment, Utilization, and Disposal, 
W89-01474 5D 


Land Application of Wastewater, 
W89-01479 5D 


Fruit, Grain, and Vegetable Wastes, 
W89-01483 5D 


Dairy Wastes, 
W89-01485 5D 


Agricultural Wastes, 
W89-01486 5D 


Textile Wastes, 
W89-01487 5D 


Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 
un Lagunage a Microphytes Sous un Meme Clli- 
mate Tempere), 

W89-01524 5D 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 

W89-02015 5D 


Development of Low-Cost Flotation Technolo- 
gy and Systems for Wastewater Treatment, 
W89-02026 5D 


Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 5D 


Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 

W89-02035 5D 


Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 

W89-02095 5D 


BIOMASS 
Indexes for Assessing Fish Biomass and Yield in 
Reservoirs, 
W89-02146 7C 


BIOREACTORS 
Biofilm Characteristics in a Fluidized-Bed Bior- 
eactor, 
W89-02017 5D 


su-9 





BIOTRANSFORMATION 


BIOTRANSFORMATION 
Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 5C 


Biotransformation, 
W89-01868 5B 


Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
W89-01911 


BIRDS 
Measures to Benefit Wetland Birds, 
W89-01885 2H 


Wetland Birds, 
W89-01891 2H 


Known Effects of Pollutants on Fish-Eating 
Birds in the Great Lakes of North America, 
W89-02124 5C 


BLACK ROCK HARBOR 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 5C 


BLEACHING WASTES 
Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 

W89-01443 5D 


BLOWOUTS 
Deep-Well Injection of Aqueous Hydrochloric 
Acid, 
W89-01591 SE 


Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 

W89-01592 SE 


BOGS 
Recharge-Discharge Function of Wetlands near 
Juneau, Alaska: Part II. Geochemical Investiga- 
tions, 
W89-01403 2A 


BOIS BRULE 
Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, IlIli- 
nois: Hydraulic Model Investigation, 
W89-01772 8B 


BOREHOLE GEOPHYSICS 
Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ing, 
W89-01404 2F 


BOREHOLES 
Practical Experience of Borehole Performance 
Evaluation, 
W89-01356 SF 


BOTSWANA 
Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


BOUNDARY CONDITIONS 
Turbulence Modeling of Surface Water Flow 
and Transport: Part II, 
W89-01413 2E 


SU-10 


SUBJECT INDEX 


Finite Element Characteristic Advection Model, 
W89-01418 5B 


BOUNDARY DISPUTES 
Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


BREWERY WASTES 
Fermentation Industry, 
W89-01484 5D 


BRINE DISPOSAL 
Deep-Well Injection of Aqueous Hydrochloric 
Acid, 
W89-01591 SE 


BRINES 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 sc 


Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 
W89-01627 5B 


Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


BROMACIL 
Sensitized Photooxidation of Bromacil: Pilot, 
Bench, and Laboratory Scale Studies, 
W89-02057 5D 


BROMINATED HYDROCARBONS 
Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 

W89-01664 5B 


BROMINATION 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


BULKING SLUDGE 
Practical Application of Various Techniques to 
Control Sludge Bulking, 
W89-01354 5D 


BURKINA FASO 
Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
W89-02226 2F 


Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 

W89-02254 2F 


CADMIUM 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(++)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 ~ 


Changes in Food (Chlorella) Levels and the 
Acute Toxicity of Cadmium to Daphnia carinata 
(Daphnidae) and Echinisca triserialis (Marcoth- 
ricidae) (Crustacea: Cladocera), 

W89-01397 5C 


Sublethal Toxicity and Accumulation of Cadmi- 
um in Tilapia aurea, 
W89-01398 a 


Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 ps 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


CALIFORNIA 
Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 
W89-02040 SE 


CANADA 


Hydrogeology of Clay Till in a Prairie Region 
of Canada, 
W89-01406 2F 


Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


Perceptions, Paradigms and Ethics: A Perspec- 
tive on the Social Context of Environmental 
Issues, 

W89-01728 6G 


Overview of the Effectiveness of Canadian 
Chlor-Alkali Mercury Regulations, 
W89-02135 5G 


Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 SE 


Transboundary Management of Large Lakes: 
Experience with the Great Lakes of North 
America, 

W89-02179 6E 


CANALS 


Ecological Parameters 
Plant Growth, 
W89-01994 2E 


Influencing Aquatic 


Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


CANOPY 


Proceedings of the Forest-Atmosphere Interac- 
tion Workshop. 
W89-01815 5B 


Chemical Interaction of a Forest Canopy with 
the Atmosphere, 
W89-01816 5B 


CARBAMATES 


Carbamate Pesticides, 
W89-01978 5A 


CARBARYL 


Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 5C 


CARBOFURAN 


Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


CARBON 


Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 

W89-01846 5D 


CARBON CYCLE 


Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


CARBON DIOXIDE 


Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 

W89-01552 5A 


Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 

W89-01592 SE 





CARCINOGENICITY 
Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 5A 


CARCINOGENS ; 
Human Health Effects Assays, 
W89-01506 5A 


CASE STUDIES 
Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


Seattle Metro’s Industrial Pretreatment Pro- 
gram: A Case Study for Regulation of the 
Boeing Commercial Airplane Company, 

W89-02007 5D 


Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in Iowa, 
W89-02011 5B 


Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 
W89-02071 5D 


Human Exposure Routes to Persistent Toxic 
Chemicals in the Great Lakes Basin: A Case 
Study, 

W89-02130 5B 


Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


CATCHMENT AREAS 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 2J 


CATFISH 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(+ +)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 5C 


CATIONS 
Effect of Inorganic Cations on Biological Fixed- 
Film Systems, 
W89-02275 5D 


CAUSTIC SODA 
Spent Caustic Treatment and Disposal, 
W89-02047 5D 


CELLS 

Immobilized Mixed Microbial 
Wastewater Treatment, 
W89-02065 5D 


Cells for 


CEMENTS 
Cementing to Achieve Zone Isolation, 
W89-01568 SE 


Class I Injection Well Design Considerations: 
Using Fiberglass Tubulars and Epoxy Cement, 
W89-01570 8C 


Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


Factors Effecting the Area of Review for Haz- 
ardous Waste Disposal Wells, 
W89-01572 SE 


Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 

W89-01618 8F 


Soil-Cement Liners, 
W89-01633 8D 


SUBJECT INDEX 


Waste Immobilization in Cement-based Grouts, 
W89-01651 5E 


Implementation of an Aqueous Waste Substitu- 
tion Project at Giant Cement Company and 
Compliance with the Associated Permits by 
South Carolina Department of Health and Envi- 
ronmental Control, 

W89-02048 3C 


CHANGJIANG RIVER 
Possible Effects of the Proposed Eastern Route 
Diversion of Changjiang (Yangtze) River Water 
to the Northern Provinces with Emphasis on the 
Hydrobiological Environment of the Main 
Water Bodies Along the Transfer Route, 
W89-01761 6G 


CHANNA GACHUA 
Effect of Endosulfan on Adenosine Triphospha- 
tase (ATPase) Activity in Liver, Kidney, and 
Muscles of Channa gachua, 
W89-01388 5C 


CHANNA PUNCTATUS 
Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 
W89-01390 5C 


CHANNEL MORPHOLOGY 
River-Bend Curvature and Migration: How are 
they Related, 
W89-01336 2J 


CHEMCONTROL 
Control of Nuisance Populations of Crayfish 
with Traps and Toxicants, 
W89-01345 81 


CHEMICAL AALYSIS 
Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 
W89-02122 5B 


CHEMICAL ANALYSIS 
Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 
W89-01295 7B 


Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 

W89-01296 SA 


Determination of Twenty-one Chloroanisoles in 
Water and Sediment Samples, 
W89-01377 5A 


Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


Inorganics, 
W89-01464 SA 


Organics, 
W89-01465 SA 


Water Characteristics, 
W89-01466 5A 


Complex Matrix in Environmental Chemistry 
for the Petrochemical Industry, 
W89-01649 5A 


Practices for Sampling Solid Wastes from Point 
Discharges and Impoundments, 
W89-01655 TA 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 5A 


CHEMICAL INDUSTRY 


Analysis of Pesticides in Water. Volume I: Sig- 
nificance, Principles, Techniques, and Chemistry 
of Pesticides. 

W89-01968 SA 


Basic Principles and Practices on the Analysis of 
Pesticides, 
W89-01970 5A 


Positive Identification of Pesticide Residues by 
Chemical Derivatization-Gas Chromatographic 
Technique, 

W89-01971 SA 


Chemistry of the Cyclodiene Insecticides, 
W89-01972 5A 


Analysis of Pesticides in Water. Volume II: 
Chlorine- and Phosphorus-Containing Pesti- 
cides. 

W89-01973 SA 


Organochlorine Pesticides, 
W89-01974 SA 


Organophosphorus Pesticides, 
W89-01975 5A 


Analysis of Pesticides in Water. Volume III: 
Nitrogen-Containing Pesticides. 
W89-01977 SA 


Carbamate Pesticides, 
W89-01978 5A 


Determination of Heavy Metals in Wastewater 
Matrices, 
W89-02101 5A 


Chemical Speciation of Heavy Metals in Sewage 
Sludge and Related Matrices, 
W89-02102 5B 


Physical and Electrochemical Speciation, 
W89-02103 5A 


Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 

W89-02247 2F 


CHEMICAL COMPOSITION 

Influence of Tropical Environment Conditions 
on the Morphology and Chemical Composition 
of the Test of Foraminifera (Gen. Ammonia) 
(Influence des Environnements Intertropicaux 
sur la Morphologie et la Composition Geochimi- 
que de Tests de Foraminiferes (Genre Ammonia) 
du Senegal), 

W89-01357 2L 


CHEMICAL EXPOSURE 
Ecosystem Surprise: Toxic Chemical Exposure 
and Effects in the Great Lakes, 
W89-02123 5C 


CHEMICAL INDUSTRY 
Waste Reduction: Program, Practice and Prod- 
uct in Chemical Manufacturing, 
W89-01342 5G 


Chemicals and Allied Products, 
W89-01492 5D 


Deep-Well Disposal Formations, A Valuable 
Resource, 
W89-01689 SE 


Wealth Generator or Environmental Protector. 
The Approach of a Chemical Company to Proc- 
ess and Product Development under Increasing 
Environmental Pressures, 

W89-02163 6E 


Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 





CHEMICAL OXYGEN DEMAND 


CHEMICAL OXYGEN DEMAND 
Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


CHEMICAL PRECIPITATION 
Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 
W89-02086 5D 


Precipitation Treatment of Spent Electroless 
Nickel Plating Baths, 
W89-02088 5D 


CHEMICAL PROPERTIES 
Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 
W89-01927 SA 


Development of Treatment Alternatives 
Through an Understanding of Waste Chemistry, 
W89-02036 5D 


Chemical Properties Needed to Predict Expo- 
sure Potential, 
W89-02162 5A 


CHEMICAL SPECIATION 
Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


CHEMICAL TREATMENT 
Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


Disinfection, 
W89-01476 5D 


Dioxin: Treatment with Ozone, 
W89-02056 5D 


Chemical Enhancement and Depression of 
Oxygen Transfer in Industrial Wastewaters, 
W89-02059 5D 


Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 


Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


CHEMICAL WASTES 
Waste Reduction: Program, Practice and Prod- 
uct in. Chemical Manufacturing, 
W89-01342 5G 


Source Reduction Technical Assistance: A Pilot 
Project and its Implications for the Chemical 
Industry, 

W89-01343 5G 


Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Cleaning Abandoned Chemical Waste Sites and 
the Larger Problem of Preventing New Dumps, 
W89-02182 SE 


CHEMICALS 
Human Exposure Routes to Persistent Toxic 
Chemicals in the Great Lakes Basin: A Case 
Study, 
W89-02130 5B 


CHEMIGATION 


Impacts of Chemigation on Groundwater Con- 
tamination, 
W89-02202 5B 


SU-12 


SUBJECT INDEX 


CHEMISTRY OF PRECIPITATION 
Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


CHERT 
Opaline Cherts Associated with Sublacustrine 
Hydrothermal Springs at Lake Bogoria, Kenya 
Rift Valley, 
W89-01334 2H 


CHESAPEAKE BAY 
History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part I, 
W89-01288 5D 


History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part II, 

W89-01289 5G 


CHINA 
Protection of the Plateau Lakes in Yunnan Prov- 
ince, 
W89-02194 5G 


Impact of Lake Changshou on the Environment, 
W89-02195 6G 


CHINOOK SALMON 
Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 8I 


CHLORIDES 
Recharge Estimation from the Depth-Distribu- 
tion of Environmental Chloride in the Unsatu- 
rated Zone: Western Australian Examples, 
W89-02233 2F 


CHLORINATED COMPOUNDS 
Fate of Pollutants, 
W89-01501 5B 


CHLORINATED HYDROCARBONS 
Trichloroethylene: Water Contamination and 
Health Risk Assessment, 

W89-01385 5B 


Bioaccumulation Behavior of Persistent Organic 
Chemicals with Aquatic Organisms, 
W89-01386 5B 


Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 

W89-01440 5B 


Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 

W89-01664 5B 


Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 

W89-01674 5A 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 5A 


Intercalibration of Analytical Methods on 
Marine Environmental Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/OC). 

W89-01780 5A 


Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 

W89-02126 5B 


CHLORINATION 
Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 
W89-01303 5B 


CHLORINE 
Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 
W89-01303 5B 


CHLOROANISOLES 
Determination of Twenty-one Chloroanisoles in 
Water and Sediment Samples, 
W89-01377 5A 


CHLOROPHENOLS 
Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 
W89-01912 5C 


CHLOROPHYLL A 
Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


CHLORPYRIFOS 
Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 
W89-01926 5C 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5C 


CHROMATOGRAPHY 
Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 
W89-01421 2H 


CHROMIC ACID 
Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


CHROMIUM 
Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


Treatment of Cr(VI) Containing Wastewater by 
Addition of Powdered Activated Carbon to the 
Activated Sludge Process, 

W89-02019 5D 


Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from Plating 
Wastewater, 

W89-02085 5D 


CINQUE HOMMES 
Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, Illi- 
nois: Hydraulic Model Investigation, 
W89-01772 8B 


CISTERNS 
Cisterns for Water Conservation and Flood 
Control, 
W89-01370 4A 





CLAMS 
Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
W89-01911 5C 


Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 

W89-01939 x 


CLARIFICATION 
Water Clarification Processes: Practical Design 
and Evaluation, 
W89-01598 5F 


Solids Settling Variability in Activated Sludge 
Secondary Clarifiers: Effect on Operation and 
Capacity, 

W89-02061 5D 


CLASSIFICATION 
Time-Scales for Ecological Change in Regulated 
Rivers, 
W89-01753 2E 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


Characterization of Treatment Residues from 
Hazardous Waste Treatment, Storage, and Dis- 
posal Facilities, 

W89-02045 5D 


CLAY 
Use of Tailored Clays for Selective Adsorption 
of Hazardous Pollutants, 
W89-02018 5D 


CLAY MINERALS 
Permeability of Clay to Acidic and Caustic Per- 
meants, 
W89-01621 5B 


CLAYS 
Hydrogeology of Clay Till in a Prairie Region 
of Canada, 
W89-01406 2F 


Electro-Osmotic Removal of Benzene From a 
Water Saturated Clay, 
W89-01538 5G 


Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 


Permeability of Clay to Acidic and Caustic Per- 
meants, 
W89-01621 5B 


Permeability Testing on Clayey Soil and Silty 
Sand-Bentonite Mixture Using Acid Liquor, 
W89-01622 8D 


Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 

W89-01623 8D 


Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 
W89-01627 5B 


Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 

W89-01629 5G 


Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


SUBJECT INDEX 


Field Permeability Test for Clay Liners, 
W89-01631 7B 


Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 

W89-01640 5B 


Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 


Effect of Pore Fluid pH on the Dynamic Shear 
Modulus of Clay, 
W89-01647 8D 


Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


CLEANUP OPERATIONS 
Geosynthetics: Cleanup Tools, 
W89-01346 8G 


Comparison of Ground Water Cleanup Levels; 
Two Case Histories, 
W89-01532 5G 


Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 

W89-01533 6E 


Three Low Cost Pumping Systems For Hydro- 
carbon Contaminated Ground Water, 
W89-01534 5G 


Practical Approach to Hydrocarbon Recovery 
at Marine Terminals, 
W89-01536 5G 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 


Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 

W89-01540 5G 


Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


Cost Allocation at Superfund Sites, 
W89-02009 5G 


Cooperative Effort to Remediate a Historical 
PCB Disposal Site, 
W89-02010 5G 


Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 

W89-02028 5G 


On-Site Treatment Systems for Aquifer Restora- 
tion Biological Treatment, 
W89-02029 5G 


Restocking of Great Lakes Fishes and Reduc- 
tion of Environmental Contaminants 1960-1980, 
W89-02148 81 


COASTAL AQUIFERS 


Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 5B 


Cleaning Abandoned Chemical Waste Sites and 
the Larger Problem of Preventing New Dumps, 
W89-02182 SE 


Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


CLEAR-CUTTING 
Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4c 


CLEARWATER RIVER 
Biological and Physical Inventory of the 
Streams within the Nez Perce Reservation: Ju- 
venile Steelhead Survey and Factors that Affect 
Abundance in Selected Streams in the Lower 
Clearwater River Basin, Idaho, 
W89-01776 2H 


Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


CLIMATOLOGY 
Climatology and Hydrology, 
W89-01694 2A 


CLOUD LIQUID WATER 
Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


CLOUD SEEDING 
Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


COAGULATION 
Design Criteria for the Removal of Organic 
Matter from Water with Aluminum, 
W89-01434 SF 


COAL MINES 
Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


COAL MINING 
Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


Coal and Coal Mine Drainage, 
W89-01488 5G 


Report of The Flathead River International 
Study Board. 
W89-01808 4c 


Supplementary Report of The Flathead River 
International Study Board. 
W89-01809 5G 


COASTAL AQUIFERS 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 





COASTAL MARSHES 


COASTAL MARSHES 
Wastewater Input to Coastal Wetlands: Manage- 
ment Concerns, 
W89-01835 5D 


COASTAL WATERS 
Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 
W89-01304 5c 


Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 5C 


Eutrophication in the Emilia-Romagna Coastal 
Waters in 1984-1985, 
W89-01306 sc 


Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 

W89-01307 5C 


Model of Residual Currents and Pollutant 
Transport in the Arabian Gulf, 
W89-01361 5B 


Mixing and Transport, 
W89-01496 5B 


Implications of Waste Disposal in Coastal 
Waters on Fish Populations, 
W89-01954 $C 


CoD 
Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 
W89-01300 sc 


COMBINED SEWER OVERFLOWS 
Urban Runoff and Combined Sewer Overflow, 
W89-01481 


COMPARISON STUDIES 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


COMPOST 
Marketing Sludge Compost in Japan, 
W89-01294 


COMPUTER MODELS 
Injection Zone Pressure Profile, 
W89-01588 SE 


Chemical Fate of Injected Wastes, 
W89-01590 5B 


Computer Models in Environmental Planning, 
W89-01823 A 


Using Crop Models as a Decision Support 
System to Reduce Nitrate Leaching, 
W89-02207 5G 


COMPUTER PROGRAMS 
Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


Three-Dimensional, Cross-Semivariogram Cal- 
culations for Hydrogeological Data, 
W89-01410 71C 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


Software for Teaching Principles of Chemical 


Movement in Soil, 
W89-02208 5B 


SU-14 


SUBJECT INDEX 


COMPUTERS 
Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


Primer for Computerized Wastewater Applica- 
tions. 
W89-02258 sD 


COMPUTERS PROGRAMS 
Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality —__cc 

W289-0164 7c 


CONDUCTIVITY 
Geophysical Survey to Investigate Contaminant 
Migration from a Waste Site, 
W89-01677 5B 


CONDUITS 
Head Recovery at Submerged Abrupt Conduit 
Outlets, 
W289-01340 8B 


CONFERENCES 
Proceedings of the Forest-Atmosphere Interac- 
tion Workshop. 
W89-01815 5B 


Proceedings of the 42nd Industrial Waste Con- 
ference. 
W89-02006 5D 


Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Con- 
taminants. 

W89-02155 5G 


Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sus- 
tainable Development. 

W89-02176 5G 


CONFINED AQUIFERS 
Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 
W89-01545 1A 


CONSERVATION 
Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 
W89-01319 2H 


Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


Wild and Scenic Rivers: Conservation and Natu- 
ral Water Amenities, 
W89-01877 6F 


CONSTRUCTION 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


CONSTRUCTION DESIGN 
Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 
W89-02049 8F 


CONSTRUCTION PROGRAMS 
Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 
W89-01321 4C 


CONTAMINATION 


Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 5c 


Hazardous Wastes in Ground Water: A Soluble 
Dilemma. 
W89-01661 2F 


Disposal Site Monitoring Data: Observations 
and Strategy Implications, 
W89-01669 5B 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 SA 


Geophysical Survey to Investigate Contaminant 
Migration from a Waste Site, 
W89-01677 5B 


Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 

W89-01678 2F 


Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


Ground Water Contamination Associated with 
Waste Disposal into a Water-Filled Open-Pit 
Coal Mine, 

W89-01683 5B 


Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 
ment, 


W89-01687 5B 


Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


Ecological Effects of In Situ Sediment Contami- 
nants. 
W89-01714 5C 


COOLING PONDS 


Structure of Periphytic Communities in Cooling 
Pond of Nuclear Power Plant, 
W89-01273 2H 


COPEPODS 


Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 

W89-01394 5C 


COPPER 


Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 

W89-01607 7c 


Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 

W89-01790 SA 


Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 

'W89-01794 5C 


Effect of Diet on Copper Toxicity to Neanthes 
arenaceodentata (Annelida: Polychaeta), 
W89-01920 5c 





Effect of Physicochemical Form on Copper 
Availability to Aquatic Organisms, 
W89-01959 5B 


COPPER SULFATE 
Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 SA 


CORN 
Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


CORRELATION ANALYSIS 
Spatial Correlation of Hydrologic Time Series, 
W89-01371 7C 


COST ANALYSIS 
Cisterns for Water Conservation and Flood 
Control, 
W89-01370 4A 


Economics, 
W89-01462 6B 


Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 

W89-01595 5E 


COSTS 
Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 
W89-01758 5G 


Cost Allocation at Superfund Sites, 
W89-02009 5G 


Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 

W89-02049 8F 


COUNTY JURISDICTION 
County Leadership for Groundwater Concerns, 
W89-02218 6E 


COUPLED FLUIDIZED BED 
Dissolved Oxygen Control in a Coupled Fluid- 
ized Bed System, 
W89-02060 5D 


COURTSHIP 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 
W89-01395 SA 


COWEETA 


Forest Hydrology and Ecology at Coweeta. 
W89-01691 2A 


Introduction and Site Description, 
W89-01692 2A 


History of Coweeta, 
W89-01693 4c 


Bedrock Geology and Regional Geologic Set- 
ting of Coweeta Hydrologic Laboratory in the 
Eastern Blue Ridge, 

W89-01696 8E 


Weathering and Soil-Forming Processes, 
W89-01697 2 


Aquatic Invertebrate Research, 
'W89-01703 2H 


Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4C 


Forest Access Roads: Design, Maintenance, and 
Soil Loss, 
W89-01707 4c 


CRABS 
Metabolism of Benzo(a)pyrene by a Mixed 
Function of Oxygenase System in Blue Crabs, 
Callinectes sapidus, 
W89-01910 5C 


CRAYFISH 
Control of Nuisance Populations of Crayfish 
with Traps and Toxicants, 
W89-01345 8! 


Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii; Accumulation in Different Tis- 
sues, 

W89-01399 SB 


CROP MODELS 
Using Crop Models as a Decision Support 
System to Reduce Nitrate Leaching, 
W89-02207 5G 


CROPS 
Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 
W89-02206 5G 


CRUSTACEANS 
Changes in Food (Chlorella) Levels and the 
Acute Toxicity of Cadmium to Daphnia carinata 
(Daphnidae) and Echinisca triserialis (Marcoth- 
ricidae) (Crustacea: Cladocera), 
W89-01397 5C 


Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 

W89-01399 5B 


CUBA 
Investigations of the Benthos of Mangrove 
Coastal Lagoons in Southern Cuba, 
W89-01281 2L 


CULTURING TECHNIQUES 
Factors Affecting the Culture of Daphnia 
magna, 
W89-01919 SA 


Cell Cultures and Other Host Systems for De- 
tecting and Quantifying Viruses in the Environ- 
ment, 

W89-02120 5A 


CUTOFF WALLS 
Hydraulic Barriers in Soil and Rock. 
W89-01612 8D 


Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 


Subsurface Pollution Containment Using a Com- 
posite System Vertical Cutoff Barrier, 
W89-01614 5G 


Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 

W89-01616 5G 
Influence of Inorganic Permeants Upon the Per- 


meability of Bentonite, 
W89-01617 5G 


DAIRY WASTES 


Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 

W89-01618 8F 


Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 7B 


Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 

W89-01629 5G 


CUTTHROAT TROUT 
Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 
'W89-01775 2H 


CYANIDE 
Acute Toxicity of Cyanogen Chloride to Daph- 
nia magna, 
W89-01393 SC 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


CYANOGEN CHLORIDE 
Acute Toxicity of Cyanogen Chloride to Daph- 
nia magna, 
W89-01393 SC 


CYANOPHAGE 
Cyanophage Assay as a New Concept in the 
Study of Environmental Toxicity, 
W89-01932 5A 


CYANOPHYTA 
Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


CYCLICAL ACTIVATED SLUDGE PROCESS 
Performance of World’s Largest Cyclical Acti- 
vated Sludge Process Treating Combined Mu- 
nicipal/Packing House Wastewater, 

W89-02054 5D 


CYCLING NUTRIENTS 
Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


CYCLODIENE 
Chemistry of the Cyclodiene Insecticides, 
W89-01972 5A 


DAIRY INDUSTRY 
Anaerobic Pilot Plant Studies for Dairy Plant 
Wastewaters, 
W89-02072 5D 


Anaerobic Treatment of Dairy Wastewater, 
W89-02073 5D 


DAIRY WASTES 
Dairy Wastes, 
W89-01485 





DAM EFFECTS 


DAM EFFECTS 
Disease Hazards of Irrigation Schemes, 
W89-01379 6G 


DAM FOUNDATIONS 
Foundation Treatment in Karstic Limestone: El 
Cajon Hydroelectric Project, Honduras, 
W89-01364 8E 


DAMS 
Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 
W89-01618 8F 


Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 

W89-01814 2J 


Flow Control, 
W89-01880 4A 


DAPHNIA 
Acute Toxicity of Cyanogen Chloride to Daph- 
nia magna, 
W89-01393 sc 


Changes in Food (Chlorella) Levels and the 
Acute Toxicity of Cadmium to Daphnia carinata 
(Daphnidae) and Echinisca triserialis (Marcoth- 
ricidae) (Crustacea: Cladocera), 

W89-01397 > 


Factors Affecting the Culture of Daphnia 
magna, 
W89-01919 5A 


Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 5A 


Effect of Diet on the Sensitivity of Daphnia 
magna to Linear Alkylbenzene Sulfonate, 
W89-01934 SA 


Study of the Reliability of Daphnia Acute Tox- 
icity Tests, 
W89-01935 SA 


Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 
W89-01936 SA 


Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 

W89-01943 5A 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 5A 


DATA ACQUISITION 
Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 
W89-01332 7B 


Practical Experience of Borehole Performance 
Evaluation, 
W89-01356 SF 


Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 

W89-01601 TA 


Developing a Sampling Strategy, 
W89-01611 TA 


SU-16 


SUBJECT INDEX 


Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 1A 


Practices for Sampling Solid Wastes from Point 
Discharges and Impoundments, 
W89-01655 TA 


National Pesticides in Well Water Survey, 
W89-02213 5A 


Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 

W89-02229 7B 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


DATA BASES 
Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 7C 


DATA COLLECTIONS 
Effects of Pollution on Freshwater Organisms, 
W89-01502 5C 


Effects on Saltwater Organisms, 
W89-01503 ~ 


Effects of Chemicals on Microorganisms, 
W89-01507 - 


DATA INTERPRETATION 
Interpretation of Well and Field Data in a Heter- 
ogeneous Layered Aquifer Setting, Appalachian 
Plateau, 
W89-01405 2F 


Dimensionless Time-Drawdown Plots of Late 
Aquifer Test Data, 
W89-01407 2F 


Three-Dimensional, Cross-Semivariogram Cal- 
culations for Hydrogeological Data, 
W89-01410 7C 


Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwa- 
ter Ecosystems. 

W89-01599 7B 


Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 

W89-01601 TA 


Characterizing the Influence of Natural Varia- 
bles During Environmental Impact Analysis, 
W89-01604 TA 


Interpretation of In Situ Groundwater Quality 
from Well Samples, 
W89-01605 ~~ 


Method for Treatment of Data from the In- 
stream Flow Incremental Methodology for In- 
stream Flow Determination, 

W89-01737 4C 


Critique of the Instream Flow Incremental 
Methodology and Observations on Flow Deter- 
mination in New Zealand, 

W89-01738 7C 


Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7C 


Example Field Testing of Soil Fate and Trans- 
port Model, PRZM, Dougherty Plain, Georgia, 
W89-01863 5B 


Example Model Testing Studies, 
W89-01864 7c 


Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 5C 


How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


Monte Carlo Method in Radiotracer Experi- 
ments, 
W89-01985 2A 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


Indexes for Assessing Fish Biomass and Yield in 
Reservoirs, 
W89-02146 7¢ 


Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 

W89-02254 2F 


DATA PROCESSING 
Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality Assurance, 
W89-01641 7c 


Practical Methodology for Processing ana Vali- 
dation of Water Quality Data, 
W89-01684 7B 


DATA STORAGE AND RETRIEVAL 
Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality Assurance, 
W89-01641 7c 


DATABASES 
How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


DEAD SEA 
Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


DECISION MAKING 


Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


Assessment of Socio-Economic Ramifications, 
W89-01727 6B 


Risk Considerations in Pesticide Public Policy 
Decision Making in Wisconsin, 
W89-02214 6A 


DECOMPOSITION 
Hydrologic Influences on Leaf Decomposition 
in a Channel and Adjacent Bank of a Gallery 
Forest Stream, 
W89-01331 2H 


Soil Arthropods and Their Role in Decomposi- 
tion and Mineralization Processes, 
W89-01702 2G 


DECONTAMINATION 
Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


DEEP WELLS 
Fluid Sealed Class I Injection Wells, 
W89-01573 8C 


DEFORESTATION 
Nitrate Content in Fracture Zone Groundwater 
in the Humid Tropics as Related to Deforest- 
ation (La Teneur en Nitrates des Nppes de 





Fssures de la Zone Tropicale Humide en Rela- 
tion avec les Problemes de Deforestation), 
W89-01309 4C 


DEGRADATION 
Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 
W89-01861 5B 


DELTAS 
Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 
W89-01825 2L 


Mississippi River Delta: A Natural Wastewater 
Treatment System, 
W89-01849 5D 


DENDROCHRONOLOGY 
Feasability Study on the Retrospective Evalua- 
tion of Anomalous Local Tritium Fallout by the 
Analysis of Tree Rings from Selected Districts 
in Austria and Hungary, 
W89-02263 5B 


DENITRIFICATION 
Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 
W89-01445 5F 


Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 

W89-01446 7B 


DEPOSITION 
Sedimentation of a Heterogranular Mixture: Ex- 
perimental Lamination in Still and Running 
Water, 
Ws89-01511 2J 


DEPTH-AREA-DURATION ANALYSIS 
Objective Rainfall Evaluation in Radar Hydrol- 
ogy, 

W89-01368 7C¢ 


DEPURATION RATE 
Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 
W89-01448 5B 


DESIGN CRITERIA 
Design Criteria for the Removal of Organic 
Matter from Water with Aluminum, 
W89-01434 5F 


Class I Injection Well Design Considerations: 
Using Fiberglass Tubulars and Epoxy Cement, 
W89-01570 8C 


Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 

W89-01606 TA 


Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 

W89-02087 5D 


DESIGN STANDARDS 
Treating Industrial Plant Wastewater: Meeting 
Today’s Compliance Challenges, 
W89-01400 5D 


Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


DETERGENTS 
Effect of an Anionic Detergent on the Lipid 
Moieties of Various Cell Types in the Opercular 
Epidermis of Rita rita. 
W89-01392 5C 


DETOXIFICATION 
Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 
ity, 
W89-01953 5B 


Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 

W89-02280 5D 


DETRITUS 
Aquatic Invertebrate Research, 
W89-01703 2H 


DETROIT RIVER 


Detroit River, Michigan: An Ecological Profile, 
W89-01806 2H 


DEVELOPING COUNTRIES 

Effects of the Development of Rural Water 
Supply on the Geographic Rhythm of the Vil- 
lagers and Agriculture in the Mtwara Region of 
Tanzania (Maaseudun Vesihuollon Paranemisen 
Vaikutus Kylalaisten Maantieleelliseen Rytmiin 
Ja Maanviljelyyn Mtwaran Laanin Alueella 
Tansaniassa), 

W89-01312 3D 


Urban Growth and Water Borne Diseases in 
Ibadan, 
W89-01433 5B 


DEVELOPING NATIONS 
Industrial Siting in a Developing Country the 
Case of Argentina - Its Context - the Environ- 
mental Dimension, Hazardous Waste and Large 
Lakes, 
W89-02184 6G 


DI-N-HEXYLPHTHALATE 
Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 
W89-01943 SA 


DIARRHEA 
Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 
W89-01525 5C 


DIATOMS 
Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


DICAMBA 
Technical Review of the Factors Affecting the 
Aquatic Use of Dicamba, 
W89-01999 5B 


DICHLOBENIL 
Technical Review of the Factors Affecting 
Aquatic Use of Dichlobenil, 
W89-02000 4A 


DICHLOROPHENOL 
Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 
W89-02082 5B 


DICHLOROPHENOXYACETIC ACID 
Technical Review of the Factors Affecting 2,4- 
D for Aquatic Use, 

W89-01996 4A 


DIET 
Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 
W89-01926 5C 


DISPOSAL WELLS 


DIETS 
Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 SA 


Effect of Diet on the Sensitivity of Daphnia 
magna to Linear Alkylbenzene Sulfonate, 
W89-01934 SA 


DIFFUSION 
Modeling Turbulent Transport in Stratified Es- 
tuary, 
W89-01419 5B 


DIFFUSION COEFFICIENT 
Influence of Pore Air/Water Exchange on the 
Diffusion of Volatile Organic Vapors in Soil, 
W89-01560 5B 


DIKES 
Geosynthetics: Cleanup Tools, 
W89-01346 


DIOXINS 
Dioxin: Treatment with Ozone, 
W89-02056 5D 


DIQUAT 
Technical Review of Factors Affecting Diquat 
for Aquatic Use, 
W89-01998 4A 


DISEASES 
Urban Growth and Water Borne Diseases in 
Ibadan, 
W89-01433 5B 


DISINFECTION 
Maximum Likelihood Analysis of Disinfection 
Kinetics, 
W89-01444 5D 


Disinfection, 
W89-01476 5D 


Wastewater Disinfection. 
W89-01819 5D 


Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


DISPOSAL SITES 
Cost Allocation at Superfund Sites, 
W89-02009 5G 


Cooperative Effort to Remediate a Historical 
PCB Disposal Site, 
W89-02010 5G 


Cleaning Abandoned Chemical Waste Sites and 
the Larger Problem of Preventing New Dumps, 
W89-02182 SE 


DISPOSAL WELLS 
Proceedings of the International Symposium on 
Subsurface Injection of Liquid Wastes. 
W89-01564 SE 


Underground Injectior: A Positive Advocate, 
W89-01566 SE 


Mechanical Integrity of Class 1 Injection Wells, 
W89-01567 SE 


Cementing to Achieve Zone Isolation, 
W89-01568 SE 


Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


Class I Injection Well Design Considerations: 


Using Fiberglass Tubulars and Epoxy Cement, 
W89-01570 8C 


SU-17 





DISPOSAL WELLS 


Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


Factors Effecting the Area of Review for Haz- 
ardous Waste Disposal Wells, 
W89-01572 SE 


Integrity Testing of Class I Hazardous Injection 
Wells: Related Experience in the Great Lakes 
Region, 

W89-01574 SE 


Sixteen Successful Years: A History of Stauffer 
Chemical Company’s Underground Injection at 
Bucks, Alabama, 

W89-01576 SE 


Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 

W89-01577 5E 


Operation and Maintenance of Underground In- 
jection Wells, 
W89-01578 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


Site Suitability for Waste Injection, Vickery, 
Ohio, 
W89-01580 SE 


Remediation of Ground-Water Contamination 
Resulting from the Failure of a Class I Injection 
Well: A Case History, 

W89-01581 5G 


Subsurface Injection in Ontario, Canada, 
W89-01582 2F 


Hydrogeology of Sedimentary Basins as It Re- 
lates to Deep-Well Injection of Chemical 
Wastes, 

W89-01583 2F 


Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 

W89-01585 SE 


Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 

W89-01587 2F 


Injection Zone Pressure Profile, 
W89-01588 SE 


Flow and Containment of Injected Wastes, 
W89-01589 SE 


Chemical Fate of Injected Wastes, 
W89-01590 5B 


Deep-Well Injection of Aqueous Hydrochloric 
Acid, 
W89-01591 SE 


Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 

W89-01592 SE 


Subsurface Disposal of Liquid Low-Level Ra- 


dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 SE 


SU-18 


SUBJECT INDEX 


Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 

W89-01594 SE 


Supercritical Deep Well Wet Oxidation of 
Liquid Organic Wastes, 
W89-01596 5D 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 SE 


Deep-Well Disposal Formations, A Valuable 
Resource, 
W89-01689 SE 


DISSOLVED OXYGEN 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 7 


Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 


Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


Dissolved Oxygen in Streams and Reservoirs, 
W89-01498 5G 


Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


Dissolved Oxygen Control in a Coupled Fluid- 
ized Bed System, 
W89-02060 5D 


DISTILLERY WASTES 
Fermentation Industry, 
W89-01484 5D 


DIVERSION 
Possible Effects of the Proposed Eastern Route 
Diversion of Changjiang (Yangtze) River Water 
to the Northern Provinces with Emphasis on the 
Hydrobiological Environment of the Main 
Water Bodies Along the Transfer Route, 
W89-01761 6G 


DIVOR RESERVOIRS 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


DOLOMITE 
Quantitative Estimation of Ground-Water Re- 
charge in Dolomite, 
W89-02252 2F 


DOMESTIC WASTES 
Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 
W89-01451 5D 


DOMESTIC WATER 
Reusing Water, 
W89-01347 3C 


Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


DRAINAGE SYSTEMS 
Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


DRAWDOWN 
Dimensionless Time-Drawdown Plots of Late 
Aquifer Test Data, 
W89-01407 2F 


DREDGE SPOIL DISPOSAL 
Managing Contaminated Dredged Material: Ap- 
plication, 
W89-01359 5G 


DREDGE SPOILED DISPOSAL 
Procedure for Managing Contaminated Dredged 
Material, 
W89-01358 5G 


DREDGING 
Procedure for Managing Contaminated Dredged 
Material, 
W89-01358 5G 


Managing Contaminated Dredged Material: Ap- 
plication, 
W89-01359 5G 


Aquatic Sediments, 
W89-01504 5B 


Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 
al, 

W89-01773 SC 


DRILLING 
Groundwater and Wells, 
W89-01766 2F 


Groundwater Monitoring: An Overview from 
Field Drilling to Laboratory Analysis, ; 
W89-02209 SA 


Well 
Safety, 
W89-02215 8A 


Construction: Drilling, Location and 


DRILLING FLUIDS 
Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 5B 


Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5c 


DRINKING WATER 
Controlling Nitrate Leaching in Water Supply 
Catchments, 
W89-01349 5G 


Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 5F 


Radioactivity in Water Supplies, 
W89-01352 SF 


Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 5F 


International Rivers Rhine and Meuse: Recent 
Developments in the Field of the Protection 
Against Pollution and of Drinking Water Pro- 
duction in the Netherlands Including the Prob- 
lems of Storage and Eutrophication, 

W89-01429 5F 


Future Research for the Production of Drinking 
Water, 


W89-01432 SF 





Evaluation of Direct Microscopical Counts and 
Endotoxin Measurements as Alternatives for 
Total Plate Counts, 

W89-01458 5A 


Human Health Effects Assays, 
W89-01506 5A 


Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 5C 


Drinking Water Standards: Their Derivation 
and Meaning, 
W89-02210 5G 


DROUGHT 
Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 
W89-01317 2F 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


DROUGHT RESISTANCE 
Growing Vegetables with Little Water, 
W89-01774 3F 


DRY FARMING 
Water Erosion in the Dryland Cropping Regions 
of Australia. 4. Land and Land Use Data for a 
Relative Assessment of Potential Soil Movement 
in Victoria, 
W89-01804 2J 


DUAL WATER SUPPLY SYSTEMS 
Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 5F 


EARTHQUAKES 
Earthquakes, Injection Wells, and the Perry Nu- 
clear Power Plant, Cleveland, Ohio, 
W89-01335 8E 


ECOLOGICAL EFFECTS 
Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 
W89-01600 TA 


Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 71C 


History of Coweeta, 
W89-01693 4c 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4C 


Stream Chemistry Responses to Disturbance, 
W89-01709 4C 


Ecological Effects of In Situ Sediment Contami- 
nants. 
W89-01714 5C 


In Situ Contaminants and Environmental Assess- 
ment: An Ecological Summary, 
W89-01725 5C 


Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 
W89-01730 5G 


SUBJECT INDEX 


Method for Treatment of Data from the In- 
stream Flow Incremental Methodology for In- 
stream Flow Determination, 

W89-01737 4C 


Assessment of Flushing Flow Recommendations 
in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


Effects of Varying Flows in Man-Made Streams 
on Rainbow Trout (Salmo gairdneri Richardson) 
Fry, 

W89-01742 2H 


Stoneflies and River Regulation - A Review, 
W89-01744 2H 


Classification of Tailwater Sites Receiving Re- 
sidual Flows from Upland Reservoirs in Great 
Britain, Using Macroinvertebrates Data, 

W89-01745 6G 


Impact of Large Discharge Fluctuations on the 
Macroinvertebrate Populations Downstream of 
a Dam, 

W89-01746 6G 


Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 

W89-01747 6G 


Instream Temperature Modeling and Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 

W89-01748 6G 


Hydropower Development of Salmon Rivers: 
Effect of Changes in Water Temperature on 
Growth of Brown Trout (Salmo trutta) Pres- 
molts, 

W89-01749 6G 


Time-Scales for Ecological Change in Regulated 
Rivers, 
W89-01753 2E 


Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 

W89-01759 2H 


Possible Effects of the Proposed Eastern Route 
Diversion of Changjiang (Yangtze) River Water 
to the Northern Provinces with Emphasis on the 
Hydrobiological Environment of the Main 
Water Bodies Along the Transfer Route, 
W89-01761 


Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 


Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


Ecology of Regulated Streams: Past Accom- 
plishments and Directions for Future Research, 
W89-01764 


Evaluation of Simple Generic Aquatic Ecosys- 
tem Tests to Screen the Ecological Impacts of 
Pesticides, 

W89-01791 5C 


Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5c 


Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 

W89-01795 SA 


ECOLOGICAL EFFECTS 


Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 

W89-01796 5C 


Zooplankton Community Responses to Synthet- 
ic Oil Exposure, 
W89-01798 5C 


Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. 
W89-01827 5D 


Ecological Perspectives on Wetland Systems, 
W89-01832 2H 


Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 5C 


Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


Responses of Wetlands and Neighboring Eco- 
systems to Wastewater, 
W89-01856 5C 


Wetlands, Wastewater, and Wildlife, 
W89-01857 5C 


Aquatic Macrophytes, 
W89-01888 


Invertebrates, 
W89-01889 6G 


Fish and Fisheries, 
W89-01890 81 


Goal of Applied Aquatic Toxicology, 
W89-01893 5c 


Toward a Meaningful Interaction Between 
Ecology and Aquatic Toxicology, 
W89-01894 5c 


Design Criteria for a Predictive Ecological Ef- 
fects Modeling System, 
W89-01896 5C 


Phenomenological Perspective of Ecological 
Development, 
W89-01898 sc 


Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5C 


Protecting Aquatic Resources: An Ecologist’s 
Perspective, 
W89-01900 5G 


Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 

W89-01909 5C 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 5C 


Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 SA 


Effect of Diet on the Sensitivity of Daphnia 
magna to Linear Alkylbenzene Sulfonate, 
W89-01934 SA 


Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 5A 


Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 





ECOLOGICAL EFFECTS 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 SA 


Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 

W89-01951 TA 


Toxic Contamination in Large Lakes. Volume I: 
Chronic Effects of Toxic Contamimants in 
Large Lakes. 

W89-02121 5C 


Indexes for Assessing Fish Biomass and Yield in 
Reservoirs, 
W89-02146 7C 


Impact of Lake Changshou on the Environment, 
W89-02195 


ECOLOGY 
Substrate Associated Microbiota, 
W89-01505 oe 


Developing a Sampling Strategy, 
W89-01611 TA 


Forest Hydrology and Ecology at Coweeta. 
W89-01691 2A 


In Situ Contaminants and Environmental Assess- 
ment: An Ecological Summary, 
W89-01725 5C 


Regulated Streams: Advances in Ecology. 
W89-01736 


ECONOMIC ASPECTS 
International Comparison of Water Prices, 
W89-01427 


Improvements in Watershed Management Yield 
Enhanced Revenues, 
W89-01431 4A 


Assessment of Socio-Economic Ramifications, 
W89-01727 


Leading Question: In 
Thought, 
W89-01729 6A 


Situ Structures of 


Water Conservation Wetland Values, 
W89-01833 2H 


Wetland-Wastewater Economics, 
W89-01854 5D 


Economic View of the Great Lakes, 
W89-02177 6A 


ECONOMIC EVALUATION 
Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 SF 


Value of Coastal Wetlands for Recreation: An 
Application of Travel Cost and Contingent 
Valuation Methodologies, 

W89-01372 6B 


ECONOMIC FEASIBILITY 
Cisterns for Water Conservation and Flood 
Control, 
W89-01370 4A 


ECONOMIC IMPACT 
Fisheries Management, Water Quality and Eco- 
nomic Impacts: A Case Study of Lake Kinneret, 
W89-02138 81 


ECONOMICS 
Economics, 
W89-01462 6B 


ECOSYSTEM 


St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


SU-20 


SUBJECT INDEX 


ECOSYSTEMS 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 
W89-01274 2H 


Current Studies on Species Interactions and 
Community Ecology of Macrobenthos in Interti- 
dal Flats: A Review, (in Japanese), 

W89-01381 2L 


Thermal Effects, 
W89-01500 Ss 


Forest Hydrology and Ecology at Coweeta. 
W89-01691 2A 


Soil Arthropods and Their Role in Decomposi- 
tion and Mineralization Processes, 
W89-01702 2G 


Forest Ecosystem Stability: Revision of the Re- 
sistance-Resilience Model in Relation to Observ- 
able Macroscopic Properties of Ecosystems, 
W89-01712 


Evaluation of the Use of Community Similarity 
Techniques as Applied to Phytoplankton Com- 
munities, 

W89-01784 2H 


Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 

W89-01790 5A 


Wetlands, 
W89-01800 2H 


Detroit River, Michigan: An Ecological Profile, 
W89-01806 2H 


Energy Flow in Wetlands, 
W89-01834 5D 


Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 x 


Ecological Evaluation Procedure for Determin- 
ing Wetland Suitability for Wastewater Treat- 
ment and Discharges, 

W89-01852 5D 


Measures to Benefit Wetland Birds, 
W89-01885 2H 


Systems Ecology and Environmental Law: Do 
They Speak the Same Language, 
W89-01895 6E 


Phenomenological 
Development, 
W89-01898 sxc 


Perspective of Ecological 


Factors Affecting the Acceptance and Rejection 
of Genetically Altered Microorganisms by Es- 
tablished Natural Aquatic Communities, 

W89-01908 5B 


Ecological Parameters Influencing Aquatic 
Plant Growth, 
W89-01994 2E 


ECOTOXICOLOGY 
Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 
W89-02129 SA 


EDUCATION 
Software for Teaching Principles of Chemical 
Movement in Soil, 
W89-02208 5B 


EGYPT 
Fishery Transformation on Lake 
Egypt During the Period 1920 to 1980, 
W89-02139 81 


Manzala, 


ELBE RIVER 
Contaminated Sediments in the Elbe Estuary: 
Ecological and Economic Problems for the Port 
of Hamburg, 
W89-01731 5C 


ELECTRIC POWER INDUSTRY 
Power Industry Wastes, 
W89-01490 5G 


ELECTRIC POWERPLANTS 
Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 
W89-01606 1A 


ELECTRO-OSMOSIS 
Electro-Osmotic Removal of Benzene From a 
Water Saturated Clay, 
W89-01538 5G 


ELECTROFLOCCULATION 
Algae Flocculation in Reservoir Water, 
W89-01285 5G 


ELECTRONICS INDUSTRY 
Wastewater Management in Semiconducting 
Electronic Crystal Manufacturing Facilities, 
W89-02091 5D 


ELUTION 
Mechanisms of Adsorption and Elution of Vi- 
ruses to Solids in the Natural Environment, 
W89-02118 5B 


EMBRYONIC DEVELOPMENT 


Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 

W89-01299 5C 


EMBRYOS 
Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 SA 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 5B 


EMPLOYEE PROTECTION 
‘Who’s on First’ with Right to Know, 
W89-01291 6E 


EMULSIONS 
Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene, 
W89-01290 5D 


Use of Peat in the Treatment of Oil-in-Water 
Emulsions, 
W89-02052 5D 


ENDANGERED SPECIES ACT 
Habitat Conservation Plans under the Endan- 
gered Species Act, 
W89-01516 6E 


ENDOSULFAN 
Effect of Endosulfan on Adenosine Triphospha- 
tase (ATPase) Activity in Liver, Kidney, and 
Muscles of Channa gachua, 
W89-01388 5C 


ENDOTHALL 
Technical Review of the Factors Affecting En- 
dothall for Aquatic Use, 
W89-01997 4A 





ENDOTOXINS 
Evaluation of Direct Microscopical Counts and 
Endotoxin Measurements as Alternatives for 
Total Plate Counts, 
W89-01458 5A 


ENERGY 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


ENERGY FLOW 
Energy Flow in Wetlands, 
W89-01834 5D 


ENERGY SOURCES 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


ENGLAND 
London Water Ring Main: An Optimal Water 
Supply System, 
W89-01350 5F 


Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-01353 5B 


Freshwater Fisheries Management and Pollution 
in Britain: An Overview, 
W89-02151 8I 


ENGLISH RIVER 
Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 
W89-01730 5G 


ENTRAPMENT 

Immobilized Mixed Microbial Cells for 
Wastewater Treatment, 

W89-02065 5D 


ENVIRONMENTAL EFFECTS 
Challenge of Acid Rain, 
W89-01380 5C 


Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


Environmental Controls 
Energy Exploitation, 
W89-01528 6G 


over Geothermal 


Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 

W89-01607 7C 


Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4C 


Consequences of Environmental Contamination 
by Lead Mining in Wales, 
W89-01733 5B 


Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 5C 


Report of The Flathead River International 
Study Board. 
W89-01808 4C 


Supplementary Report of The Flathead River 
International Study Board. 
W89-01809 5G 


Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 5C 


Aquatic Biology and Hydroelectric Power De- 
velopment in New Zealand. 
W89-01871 6G 


Environmental Impact Assessment, 
W89-01874 6G 


Periphyton, 
W89-01887 2H 


Aquatic Toxicology and Environmental Fate: 
Ninth Volume. 
W89-01892 5B 


Proposed Goal of Applied Aquatic Toxicology, 
W89-01893 5C 


Systems Ecology and Environmental Law: Do 
They Speak the Same Language, 
W89-01895 6E 


Resource Competition Modeling of the Impacts 
of Xenobiotics on Biological Communities, 
W89-01897 


Phenomenological Perspective of Ecological 
Development, 
W89-01898 5C 


Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 SC 


Cyanophage Assay as a New Concept in the 
Study of Environmental Toxicity, 
W89-01932 5A 


Environmental Impact and Significance of Pesti- 
cides, 

W89-01969 5C 
Technical Review of the Factors Affecting the 
Aquatic Use of Dicamba, 

W89-01999 5B 


Technical Review of the Factors Affecting 
Aquatic Use of Dichlobenil, 
W89-02000 4A 


Pollution Hazards of Agriculture, 
W89-02185 5B 


ENVIRONMENTAL ENGINEERING 
Status Report: The Use of Engineered Covers at 
Waste Disposal Sites, 
W89-01681 SE 


Evaluating the Effectiveness of an Asphalt Cap 
at a Superfund Site, 
W89-01682 SE 


ENVIRONMENTAL IMPACT 
Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 
W89-01319 2H 


Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 


Characterizing the Influence of Natural Varia- 
bles During Environmental Impact Analysis, 
W89-01604 1A 


Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 

W89-01606 TA 


ENVIRONMENTAL POLICY 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 2, Part 1 - The 
Brady Wash Sites. 

W89-01781 6G 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 2, Part 2 - The 
Brady Wash Sites. 

W89-01782 6G 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 

W89-01803 6G 


Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


Wildlife Health Implications of Sewage Disposal 
in Wetlands, 
W89-01844 SE 


Aquatic Biology and Hydroelectric Power De- 
velopment in New Zealand. 
W89-01871 6G 


State (Large-scale) Hydroelectric Resources, 
W89-01872 6A 


Local (Small-scale) Hydroelectric Resources, 
W89-01873 6A 


Environmental Impact Assessment, 
W89-01874 6G 


Design Criteria for a Predictive Ecological Ef- 
fects Modeling System, 
W89-01896 5C 


ENVIRONMENTAL IMPACT STATEMENT 
Lessons from EIA for Bicol River Development 
in Philippines, 

W89-01367 6G 
Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwa- 


ter Ecosystems. 
W89-01599 7B 


In Situ Contaminants and Environmental Assess- 


ment: An Ecological Summary, 
W89-01725 5c 


ENVIRONMENTAL LAW 
Systems Ecology and Environmental Law: Do 
They Speak the Same Language, 
W89-01895 6E 


Ecosystem Management: Overcoming Jurisdic- 
tional Diversity through Law Reform, 
W89-02192 6E 


ENVIRONMENTAL MANAGEMENT 
Ecosystem Management: Overcoming Jurisdic- 
tional Diversity through Law Reform, 
W89-02192 6E 


ENVIRONMENTAL POLICY 
History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 


Part I, 
W89-01288 5D 


History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part Il, 

W89-01289 5G 


Lessons from EIA for Bicol River Development 
in Philippines, 
W89-01367 6G 


Computer Models in Environmental Planning, 
W89-01823 6A 


Environmental Management of Water Projects. 
W89-01990 4A 


$u-21 





ENVIRONMENTAL PROTECTION 


ENVIRONMENTAL PROTECTION 
Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 

W89-01304 sc 


Challenge of Acid Rain, 
W89-01380 5C 


Perceptions, Paradigms and Ethics: A Perspec- 
tive on the Social Context of Environmental 
Issues, 

W89-01728 6G 


Leading Question: In Situ Structures of 
Thought, 


W89-01729 6A 


Wildlife Protection, Mitigation, and Enhance- 
ment Plana, Palisades Project, 
W89-01771 5G 


Wild and Scenic Rivers: Conservation and Natu- 
ral Water Amenities, 
W89-01877 6F 


Measures to Benefit Wetland Birds, 
W89-01885 2H 


Environmental Conditions for Water Resources 
Projects, 
W89-01991 6G 


Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sus- 
tainable Development. 

W89-02176 5G 


Introducing Scientific Analysis to Public Policy 
- An International Perspective, 
W89-02187 6E 


Setting Priorities for Great Lakes Environmen- 
tal Quality Research, 
W89-02188 6A 


Ecosystem Management: Overcoming Jurisdic- 
tional Diversity through Law Reform, 
W89-02192 6E 


Protection of the Plateau Lakes in Yunnan Prov- 
ince, 
W89-02194 5G 


ENVIRONMENTAL STRESS 
Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 
W89-01846 5D 


ENZYMES 
Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 
W89-01421 2H 


EPHEMERAL STREAMS 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


EPIDEMIOLOGY 
Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 SF 


Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 5F 


Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 5c 


Toxicology Testing as a Control Strategy, 
W89-02164 5G 


SU-22 


SUBJECT INDEX 


EPILIMNION 
Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


EPIPELON 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


EPIPHYTES 
Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 a. 


Periphyton, 
W89-01887 2H 


EPIPHYTON 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


EQUILIBRIUM 
Forest Ecosystem Stability: Revision of the Re- 
sistance-Resilience Model in Relation to Observ- 
able Macroscopic Properties of Ecosystems, 
W89-01712 2A 


EROSION 
Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


Effects of Short-Term Regulation by Power 
Plants on Erosion and Water Quality of a River, 
W89-01755 6G 


Water Erosion in the Dryland Cropping Regions 

of Australia. 4. Land and Land Use Data for a 

Relative Assessment of Potential Soil Movement 

in Victoria, 

W89-01804 2J 
EROSION CONTROL 

Biotechnical Slope Protection and Erosion Con- 


trol, 
W89-01811 4D 


ESTIMATED COSTS 
Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 5F 


ESTIMATING 
Spatial Correlation of Hydrologic Time Series, 
W89-01371 7C 


ESTUARIES 
History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part II, 
W89-01289 5G 


Modeling Turbulent Transport in Stratified Es- 
tuary, 
W89-01419 5B 


Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


Seasonal and Spatial Variability in Macro- 
benthos Communities in Jamaica Bay, New 
York: An Urban Estuary, 

W89-01424 5C 


Food Habits and Distribution of Wintering Can- 
vasbacks, Aythya valisineria, on Chesapeake 
Bay, 

W89-01426 2L 


Mixing and Transport, 
W89-01496 5B 


Syngenetic Origin of Gypsum Crystals Bearing 
Bacterial Calcite Neoformation, Discovered 


within Suspended Matter in the Loire River 
Estuary, 
W89-01512 2L 


Some Methods for Measuring Effects of Toxi- 
cants on Laboratory- and Field-Colonized Estu- 
arine Benthic Communities, 

W89-01785 5C 


ESTUARINE ENVIRONMENT 

Influence of Tropical Environment Conditions 
on the Morphology and Chemical Composition 
of the Test of Foraminifera (Gen. Ammonia) 
(Influence des Environnements Intertropicaux 
sur la Morphologie et la Composition Geochimi- 
que de Tests de Foraminiferes (Genre Ammonia) 
du Senegal), 

W89-01357 2L 


ESTUARINE WATER 
Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 
W89-01295 7B 


ESTUARY 
Contaminated Sediments in the Elbe Estuary: 
Ecological and Economic Problems for the Port 
of Hamburg, 
W89-01731 5c 


ETHANOL 
Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


EUBOIKOS GULF 
Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 
W89-01520 2L 


EURASIAN WATERMILFOIL 
Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 


EUROPE 
European Experiences in Long-Term Forest 
Hydrology Research, 
W89-01713 2A 


Pollution Control Legislation, 
W89-02100 6E 


EUTROPHIC LAKES 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 5C 


EUTROPHIC WATERS 
Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 
W89-01520 2L 


EUTROPHICATION 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part I, 

W89-01288 5D 


History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part II, 

W89-01289 5G 





Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 

W89-01304 5C 


Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 5C 


Eutrophication in the Emilia-Romagna Coastal 
Waters in 1984-1985, 
W89-01306 5C 


Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 

W89-01307 5C 


In-stream Nitrification Rate Prediction, 
W89-01450 5B 


Lake and Reservoir Management, 
W89-01497 5G 


Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 

W89-01601 TA 


Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 5C 


EVAPORATION 
Volatilization from Soil, 
W89-01866 5B 


Evaporation in Arid and Semi-Arid Regions, 
W89-02228 2D 


EVAPORATION PONDS 
Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 
W89-01627 5B 


EVAPOTRANSPIRATION 
Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


EXPERT SYSTEMS 
Role of Mass Transport Modeling, 
W89-01662 5B 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


EXTRACTION 
Atomic Absorption Spectrometric and Synergis- 
tic Spectrophotometric Microdetermination of 
Hafnium in Alloys and Environmental Samples, 
W89-01526 5A 


FARM WASTES 
Dairy Wastes, 
W89-01485 5D 


Agricultural Wastes, 
W89-01486 5D 


Pollution Hazards of Agriculture, 
W89-02185 5B 


Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


FATE OF POLLUTANTS 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 5A 


Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 5B 


Fate and Persistence of Aquatic Herbicides, 
W89-01383 


Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


Organics, 
W89-01465 5A 


Chemicals and Allied Products, 
W89-01492 5D 


Fate of Pollutants, 
W89-01501 5B 


Effects on Saltwater Organisms, 
W89-01503 5C 


Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 

W89-01556 5B 


Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 

W89-01559 5B 


Chemical Fate of Injected Wastes, 
W89-01590 5B 


Role of Aquatic Macrophytes in Nutrient Flow 
Regulation in Lotic Ecosystems, 
W89-01610 5B 


Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 5B 


Partitioning of Trace Metals in Sediments: Rela- 
tionships with Bioavailability, 
W89-01718 5B 


Persistence of Biologically Active Compounds 
in Soil, 
W89-01778 5B 


Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


Comparisons of the Processing of Elements by 
Ecosystems, II: Metals, 
W89-01837 5D 


Overview of Terrestrial Processes and Model- 
ing, 
W89-01860 5B 


Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 
W89-01861 5B 


Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7c 


Example Field Testing of Soil Fate and Trans- 
port Model, PRZM, Dougherty Plain, Georgia, 
W89-01863 5B 


Volatilization from Soil, 
W89-01866 5B 


Biotransformation, 
W89-01868 5B 


Nonbiological Transformation, 
W89-01869 5B 


FATE OF POLLUTANTS 


Aquatic Toxicology and Environmental Fate: 
Ninth Volume. 


W89-01892 5B 


Factors Affecting the Acceptance and Rejection 
of Genetically Altered Microorganisms by Es- 
tablished Natural Aquatic Communities, 

W89-01908 5B 


Metabolism of Benzo(a)pyrene by a Mixed 
Function of Oxygenase System in Blue Crabs, 
Callinectes sapidus, 

W89-01910 5C 


Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
Ws89-01911 


Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 

W89-01912 sx 


Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 5A 


Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 
ity, 

W89-01953 5B 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 


tem, 
W89-01958 5B 


Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


Environmental Impact and Significance of Pesti- 
cides, 
W89-01969 $C 


Organophosphorus Pesticides, 
W89-01975 5A 


Carbamate Pesticides, 
W89-01978 5A 


Substituted Urea Herbicides, 
W89-01979 SA 


Technical Review of the Factors Affecting 2,4- 
D for Aquatic Use, 
W89-01996 4A 


Technical Review of the Factors Affecting En- 
dothall for Aquatic Use, 
W89-01997 4A 


Technical Review of Factors Affecting Diquat 
for Aquatic Use, 
W89-01998 4X 


Technical Review of the Factors Affecting the 
Aquatic Use of Dicamba, 
W89-01999 5B 


Biodegradation of Organic Compounds in 
Anoxic Groundwater Systems, 

W89-02027 5G 
Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 

W89-02081 5B 


SU-23 





FATE OF POLLUTANTS 


Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 
W89-02082 5B 


Toxic Contaminants and Benthic Organisms in 
the Great Lakes: Cycling, Fate and Effects, 
W89-02128 SB 


Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Con- 
taminants. 

W89-02155 5G 


PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


FATHEAD MINNOWS 
Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 
W89-01924 5C 


FECAL POLLUTION 
Influence of Indicator Bacteria on the Incidence 
of Salmonella in Aquatic Environment, 
W89-01510 5A 


FEDERAL JURISDICTION 
Marine Pollution: Injury Without a Remedy, 
W89-01517 6E 


Federal and State Assistance for Action, 
W89-02221 6E 


FEEDING RATES 
Simulating Trout Feeding Stations in Instream 
Flow Models, 
W89-01741 2H 


FENTHION 
Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 
W89-01905 5C 


FERMENTATION 
Toxicity of Nickel in Methane Fermentation 
Systems: Fate and Effect on Process Kinetics, 
W89-02272 5D 


FERMENTED PRODUCTS 
Fermentation Industry, 
W89-01484 


FERTILIZER 
Marketing Sludge Compost in Japan, 
W89-01294 SE 


FERTILIZERS 
Losses and Transport of Nitrogen from Soils, 
W89-02201 5B 


Impacts of Chemigation on Groundwater Con- 
tamination, 
W89-02202 5B 


FIELD TESTS 
Leaf Processing in a Reservoir: An Experimen- 
tal Approach, 
W89-01609 TA 


Generic Steps in the Field Validation of Vadose 


Zone Fate and Transport Models, 
W89-01862 7C 


SU-24 


SUBJECT INDEX 


Example Model Testing Studies, 
W89-01864 7C¢ 


Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
'W89-02050 5D 


FILTRATION 
Rehab for Filtration, 
W89-01348 SF 


Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


Biological Fixed-Film Systems, 
W89-01471 5D 


Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 5D 


FINANCING 
Recent Sewage Financing in Pennsylvania, 
W89-01292 


FINITE DIFFERENCE METHODS 
Modeling Turbulent Transport in Stratified Es- 
tuary, 
W89-01419 5B 


FINITE ELEMENT METHOD 
Finite Element Characteristic Advection Model, 
W89-01418 5B 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


FINLAND 
Increasing the Oxygen Content of the Kalajoki 
River, 
W89-01760 5G 


FISH 


Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 pe 


Microhabitat Use by the Bigmouth Chub Noco- 
mis platyrhynchus in the New River, West Vir- 
ginia, 

W89-01333 2H 


Effect of Endosulfan on Adenosine Triphospha- 
tase (ATPase) Activity in Liver, Kidney, and 
Muscles of Channa gachua, 

W89-01388 3 


In vitro Effect of Mercury and Cadmium on 
Brain Ca(++)-ATPase of the Catfish Ictalurus 
punctatus, 

W89-01389 5C 


Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 

W89-01390 5C 


Effect of an Anionic Detergent on the Lipid 
Moieties of Various Cell Types in the Opercular 
Epidermis of Rita rita, 

W89-01392 5C 


Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 

W89-01448 5B 


Human Population: An Ultimate Receptor for 
Aquatic Contaminants, 
W89-01721 SB 


Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 
ganisms, 

W89-01724 SA 


Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 

W89-01747 6G 


Instream Temperature Modeling and Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 

W89-01748 6G 


Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 

W89-01794 5C 


Fish and Fisheries, 
W89-01890 81 


Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5C 


Use of Biochemical Measurements to Detect 
Pollutant-Mediated Damage to Fish, 
W89-01941 5C 


Implications of Waste Disposal in Coastal 
Waters on Fish Populations, 
W89-01954 5C 


Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 

W89-02122 5B 


Known Effects of Pollutants on Fish-Eating 
Birds in the Great Lakes of North America, 
W89-02124 5C 


Fish Tumors as Known Field Effects of Con- 
taminants, 
W89-02125 5C 


Contaminants in Selected Fishes from the Upper 
Great Lakes, 
W89-02140 5B 


Indexes for Assessing Fish Biomass and Yield in 
Reservoirs, 
W89-02146 7c 


Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


Administration of the Fish Contaminant Pro- 
g¢am in a Decentralized State Agency, 
W89-02150 6E 


FISH BEHAVIOR 


Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 SA 


FISH DISEASES 
Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


FISH FARMING 
Seasonal and Spatial Distribution of Iron Pre- 
cipitating Heterotrophs in Water and Sediments 
of Fish Ponds of Differing Farming Manage- 
ments, 
W89-01271 2H 


Effect of Oxygen on the Growth of Young Ayu, 
(in Japanese), 
W89-01509 2H 





FISH FOOD 
Invertebrate Fish Food Resources of Lotic En- 
vironments, 
W89-01802 2H 


FISH HANDLING FACILITIES 
Fish Passage, Control Devices and Spawning 
Channels, 
W89-01883 8I 


FISH HATCHERIES 
Control of Nuisance Populations of Crayfish 
with Traps and Toxicants, 
W89-01345 81 


Trout Hatcheries and Fish Stocking, 
W89-01884 81 


FISH MANAGEMENT 
Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


FISH MIGRATION 
Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 
W89-01775 2H 


FISH PARASITES 
Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 
W89-01300 5C 


FISH PASSAGES 
Fish Passage, Control Devices and Spawning 
Channels, 
W89-01883 8I 


Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 5C 


FISH PHYSIOLOGY 
Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


FISH PONDS 
Seasonal and Spatial Distribution of Iron Pre- 
cipitating Heterotrophs in Water and Sediments 
of Fish Ponds of Differing Farming Manage- 
ments, 
W89-01271 2H 


FISH POPULATIONS 
Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 81 


FISH STOCKING 
Trout Hatcheries and Fish Stocking, 
W89-01884 8I 


Restocking of Great Lakes Fishes and Reduc- 
tion of Environmental Contaminants 1960-1980, 
W89-02148 81 


FISHERIES 
Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 
W89-01756 2H 


Fish and Fisheries, 
W89-01890 81 


Fishery Transformation on Lake Manzala, 
Egypt During the Period 1920 to 1980, 
W89-02139 81 


Riverine and Other Tropical Lakes and Their 
Fisheries, 
W89-02143 2H 


Effects of Contaminants Loadings on Fisheries 
Yields from Large Lakes, 
W89-02145 5C 


Perspectives on the Influence of Toxic Sub- 
stances on Fishery Productivity, 
W89-02147 5C 


Freshwater Fisheries Management and Pollution 
in Britain: An Overview, 
W89-02151 8I 


Lake Resources and Fisheries Utilization in 
Hubei Province, 
W89-02193 2H 


Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 81 


FISHERIES MANAGEMENT 
Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. 
W89-02137 5C 


Fisheries Management, Water Quality and Eco- 
nomic Impacts: A Case Study of Lake Kinneret, 
W89-02138 81 


Uniting Habitat Quality and Fishery Programs 
in the Great Lakes, 
W89-02141 5G 


FISHING 
Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


FIXED-FILM REACTORS 
Biological Fixed-Film Systems, 
W89-01471 5D 


Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 

W89-02015 5D 


FLATHEAD RIVER 
Report of The Flathead River International 
Study Board. 
W89-01808 4C 


Supplementary Report of The Flathead River 
International Study Board. 
W89-01809 5G 


FLOATING PLANTS 
Effects of Surface-Active Agents on the Salinity 
Tolerance of Water Hyacinth (Eichhornia cras- 
sipes), 
W89-01329 5D 


FLOCCULATION 
Algae Flocculation in Reservoir Water, 
W89-01285 5G 


Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 

W89-02035 5D 


FLOCS 
Flow through Activated Sludge Flocs, 
W89-01459 5D 


FLOOD CONTROL 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 
que), 
W89-01337 6A 


FLOW REGULATION 


FLOOD DATA 
Flood Indices in Finnish Rivers (Suomen Jokien 
Tulvaindeksit), 
W89-01311 2E 


FLOOD DISCHARGE 
Flood Indices in Finnish Rivers (Suomen Jokien 
Tulvaindeksit), 
Ww89-01311 2E 


FLOOD PLAINS 
Hydrologic Influences on Leaf Decomposition 
in a Channel and Adjacent Bank of a Gallery 
Forest Stream, 
W89-01331 2H 


FLOODPROOFING 
Flood Proofing Bibliography, Annotated. 
W89-01807 6F 


FLOODS 
Flood Indices in Finnish Rivers (Suomen Jokien 
Tulvaindeksit), 
W89-01311 2E 


Hydrologic Influences on Leaf Decomposition 
in a Channel and Adjacent Bank of a Gallery 
Forest Stream, 

W89-01331 2H 


FLOODWALLS 
Geosynthetics: Cleanup Tools, 
W89-01346 8G 


FLORIDA 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 

W89-01531 5G 


Environmental Monitoring at Mound: 
Report, 
W89-01779 5B 


1986 


Implementation and Enforcement of an Industri- 
al Waste Pretreatment Program in Orlando, 
Florida, 

W89-02008 5D 


FLOTATION 
Development of Low-Cost Flotation Technolo- 
gy and Systems for Wastewater Treatment, 
W89-02026 5D 


FLOW CONTROL 
Flow Control, 
W89-01880 


FLOW PATTERNS 
Flow through Activated Sludge Flocs, 
W89-01459 5D 


FLOW PROFILES 
Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 
W89-01739 2E 


Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, Illi- 
nois: Hydraulic Model Investigation, 

W89-01772 8B 


FLOW REGULATION 
Assessment of Flushing Flow Recommendations 
in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


Effects of Varying Flows in Man-Made Streams 
on Rainbow Trout (Salmo gairdneri Richardson) 


Fry, 
W89-01742 2H 


SU-25 





FLOW REGULATION 


Development and Applications of Macroinverte- 
brate Instream Flow Models for Regulated Flow 
Management, 

W89-01743 44 


Stoneflies and River Regulation - A Review, 
W89-01744 2H 


Classification of Tailwater Sites Receiving Re- 
sidual Flows from Upland Reservoirs in Great 
Britain, Using Macroinvertebrates Data, 
W89-01745 


Impact of Large Discharge Fluctuations on the 
Macroinvertebrate Populations Downstream of 
a Dam, 

W89-01746 6G 


Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 

W89-01747 6G 


FLUCTUATIONS 
Impact of Large Discharge Fluctuations on the 
Macroinvertebrate Populations Downstream of 
a Dam, 
W89-01746 6G 


FLUID DROPS 
Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


FLUID MECHANICS 
Flow through Activated Sludge Flocs, 
W89-01459 5D 


FLUIDIZED BED PROCESS 
Packed- and Fluidized-Bed Biofilm Reactor Per- 
formance for Anaerobic Wastewater Treatment, 
W89-01284 5D 


High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


FLUIDIZED BED REACTORS 
Biofilm Characteristics in a Fluidized-Bed Bior- 
eactor, 
W89-02017 5D 


FLUORIDES 
Effects of Fluoride Concentration in Seawater 
on Growth and Fluoride Accumulation by 
Sydney Rock Oyster (Saccostrea commercialis) 
and Flat Oyster (Ostrea angasi) Spat, 
W89-01452 5C 


FLUSHING 

Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 

W89-01739 2E 


Assessment of Flushing Flow Recommendations 
in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


FLY ASH 
Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


Soil-Cement Liners, 
W89-01633 8D 


Results of an Interlaboratory Study of a Column 
Method for Leaching Solid Wastes, 
W89-01657 5B 


FOG 
Fog Effect of the Great Salt Lake, 
W89-01376 2B 


FOOD CHAINS 
Leaf Processing in a Reservoir: An Experimen- 
tal Approach, 
W89-01609 7A 


SU-26 


SUBJECT INDEX 


Known Effects of Pollutants on Fish-Eating 
Birds in the Great Lakes of North America, 
W89-02124 =o 


FOOD HABITS 
Food Habits and Distribution of Wintering Can- 
vasbacks, Aythya valisineria, on Chesapeake 
Bay, 
W89-01426 ‘.@ 


FOOD-PROCESSING WASTES 
Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


Meat, Fish, and Poultry Processing Wastes, 
W89-01482 5D 


Fruit, Grain, and Vegetable Wastes, 
W89-01483 5D 


Enhanced Treatment of High Strength Soft 
Drink Bottling Wastewaters, 
W89-02066 5D 


Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
'W89-02069 5D 


Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 
W89-02071 5D 


Anaerobic Pilot Plant Studies for Dairy Plant 
Wastewaters, 
W89-02072 5D 


Anaerobic Treatment of Dairy Wastewater, 
W89-02073 5D 


FORAMINIFERA 

Influence of Tropical Environment Conditions 
on the Morphology and Chemical Composition 
of the Test of Foraminifera (Gen. Ammonia) 
(Influence des Environnements Intertropicaux 
sur la Morphologie et la Composition Geochimi- 
que de Tests de Foraminiferes (Genre Ammonia) 
du Senegal), 

W89-01357 2L 


FOREST ECOLOGY 
Aquatic Invertebrate Research, 
W89-01703 2H 


Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


Forest Ecosystem Stability: Revision of the Re- 
sistance-Resilience Model in Relation to Observ- 
able Macroscopic Properties of Ecosystems, 

W89-01712 2A 


FOREST HYDROLOGY 
Hydrologic Influences on Leaf Decomposition 
in a Channel and Adjacent Bank of a Gallery 
Forest Stream, 
W89-01331 2H 


Forest Hydrology and Ecology at Coweeta. 
W89-01691 2A 


Introduction and Site Description, 
W89-01692 2A 


History of Coweeta, 
W89-01693 4C 


Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


Streamflow Generation by Variable Source 
Area, 
W89-01699 2E 


Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4C 


Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4C 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4C 


Stream Chemistry Responses to Disturbance, 
W89-01709 4C 


European Experiences in Long-Term Forest 
Hydrology Research, 
W89-01713 2A 


Proceedings of the Forest-Atmosphere Interac- 
tion Workshop. 
W89-01815 5B 


Chemical Interaction of a Forest Canopy with 
the Atmosphere, 
W89-01816 5B 


Gas Exchange Between Forest and Atmosphere, 
W89-01817 5B 


FOREST MANAGEMENT 
Nitrate Content in Fracture Zone Groundwater 
in the Humid Tropics as Related to Deforest- 
ation (La Teneur en Nitrates des Nppes de 
Fssures de la Zone Tropicale Humide en Rela- 
tion avec les Problemes de Deforestation), 
W89-01309 4C 


FOREST WATERSHEDS 


Climatology and Hydrology, 
W89-01694 2A 


Effects of Pesticide Applications on Forested 
Watersheds, 
W89-01708 5C 


Trace Metals in the Atmosphere, Forest Floor, 
Soil, and Vegetation, 
W89-01711 5C 


European Experiences in Long-Term Forest 
Hydrology Research, ° 
W89-01713 2A 


FORESTS 
Forest Access Roads: Design, Maintenance, and 
Soil Loss, 
W89-01707 4c 


Acid Precipitation Effects on Forest Processes, 
W89-01710 sC 


Forest Ecosystem Stability: Revision of the Re- 
sistance-Resilience Model in Relation to Observ- 
able Macroscopic Properties of Ecosystems, 

W89-01712 2A 


Gas Exchange Between Forest and Atmosphere, 
W89-01817 5B 


Forest Soils and Acid Deposition: An Overview 
and Synthesis, 
W89-01818 5B 


Management Potential for Nutrient Removal in 
Forested Wetlands, 
W89-01853 5D 





FORMIC ACID 
Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 
W89-01421 2H 


FOULING 
Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


FRACTURE PERMEABILITY 
Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


FRANCE 

Multitable analyses in Factorial Ecology: II. 
Longitudinal Stratification of the Ardeche, Be- 
ginning with Physico-chemical Descriptors (Les 
analyses multitableaux en ecologie factorielle: II. 
Stratification longitudinale de l’Ardeche a partir 
de descripteurs physico-chemiques), 

W89-01293 2H 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 

W89-01317 2F 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 5F 


Transboundary Management of Lake Geneva, 
W89-02180 


FREEZING 
Nodal Domain Integration Model of Two-Di- 
mensional Heat and Soil-Water Flow Coupled 
by Soil-Water Phase Change, 
W89-02265 2G 


Tracking Two-Dimensional Freezing Front 
Movement Using the Complex Variable Bounda- 
ry Element Method, 

W89-02266 2G 


FREQUENCY DISTRIBUTION 
Maximum Likelihood Analysis of Disinfection 
Kinetics, 
W89-01444 5D 


FROST 
Nodal Domain Integration Model of Two-Di- 
mensional Heat and Soil-Water Flow Coupled 
by Soil-Water Phase Change, 
W89-02265 2G 


Tracking Two-Dimensional Freezing Front 
Movement Using the Complex Variable Bounda- 
ry Element Method, 

W89-02266 2G 


FROZEN SOILS 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour I’Ia- 


SUBJECT INDEX 


filtration dans les Sols Geles tenant compte de la 
Qualite de I’Eau), 
W89-01339 2G 


FUEL 


Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


GAS CHROMATOGRAPHY 
Positive Identification of Pesticide Residues by 
Chemical Derivatization-Gas Chromatographic 
Technique, 
W89-01971 5A 


GAS EXCHANGE 
Gas Exchange Between Forest and Atmosphere, 
W89-01817 5B 


GAS MEMBRANES 
GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


GASOLINE 
Nitrate Remediation of Gasoline Contaminated 
Ground Waters: Results of a Controlled Field 
Experiment, 
W89-01539 5G 


Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 

W89-01548 5A 


Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 SA 


Vadose Model of Gasoline Leak, 
W89-01561 5B 


GASTROPODS 
Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 
W89-01299 5C 


GENETIC POLLUTION 
Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 
W89-01906 5C 


Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


Factors Affecting the Acceptance and Rejection 
of Genetically Altered Microorganisms by Es- 
tablished Natural Aquatic Communities, 

W89-01908 SB 


GENETICS 
Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 
W89-01906 5C 


Factors Affecting the Acceptance and Rejection 
of Genetically Altered Microorganisms by Es- 
tablished Natural Aquatic Communities, 

W89-01908 5B 


Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 

W89-01909 5C 


GENOTOXIC CHEMICALS 
Human Health Effects Assays, 
W89-01506 


GEOHYDROLOGY 


GEOHYDROLOGY 
Recharge-Discharge Function of Wetlands near 
Juneau, Alaska: Part II. Geochemical Investiga- 
tions, 
W89-01403 2A 


Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ging, 

W89-01404 2F 
Interpretation of Well and Field Data in a Heter- 
ogeneous Layered Aquifer Setting, Appalachian 
Plateau, 

W89-01405 2F 


Hydrogeology of Clay Till in a Prairie Region 
of Canada, 
W89-01406 2F 


Dimensionless Time-Drawdown Plots of Late 
Aquifer Test Data, 
W89-01407 2F 


Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


Three-Dimensional, Cross-Semivariogram Cal- 
culations for Hydrogeological Data, 
W89-01410 7c 


Ground Water Monitoring Experience at a Re- 
finery Land Treatment Unit, 
W89-01546 TA 


Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 7C 


Hydrogeology of Sedimentary Basins as It Re- 
lates to Deep-Well Injection of Chemical 
Wastes, 

W89-01583 2F 


Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 

W89-01587 2F 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


Bedrock Geology and Regional Geologic Set- 
ting of Coweeta Hydrologic Laboratory in the 
Eastern Blue Ridge, 

W89-01696 8E 


Applied Hydrogeology, 
W89-01801 2A 


Modern Trends in Tracer Hydrology. Volume I. 
W89-01981 2F 


Tracer Methodology in Hydrology, 
W89-01984 2A 





GEOHYDROLOGY 


Modern Trends in Tracer Hydrology. Volume 


W89-01986 2F 


Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


Tracer Investigations in Geothermal Systems, 
W89-01989 2F 


Estimation of Natural Groundwater Recharge. 
W89-02223 2 


Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
W89-02226 2F 


Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


GEOLOGIC FORMATIONS 
Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
W89-02226 2F 


GEOLOGIC FRACTURES 
Earthquakes, Injection Wells, and the Perry Nu- 
clear Power Plant, Cleveland, Ohio, 
W89-01335 8E 


GEOLOGY 
Bedrock Geology and Regional Geologic Set- 
ting of Coweeta Hydrologic Laboratory in the 
Eastern Blue Ridge, 
W89-01696 8E 


GEOMEMBRANES 
Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


GEOMORPHOLOGY 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 


River-Bend Curvature and Migration: How are 
they Related, 
W89-01336 2J 


Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


GEOPHYSICAL SURVEYS 
Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


Geophysical Survey to Investigate Contaminant 
Migration from a Waste Site, 
W89-01677 5B 


Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


GEOPHYSICS 
Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 
W89-01678 2F 


GEORGES BANK 


Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


Su_oR 


SUBJECT INDEX 


GEOSYNTHETICS 
Geosynthetics: Cleanup Tools, 
W89-01346 


Geosynthetics for Use in Waste Facilities, 
W89-02043 5G 


GEOTHERMAL RESOURCES 
Environmental Controls over 
Energy Exploitation, 

W89-01528 6G 


Geothermal 


GEOTHERMAL STUDIES 
Tracer Investigations in Geothermal Systems, 
W89-01989 F 


GEOTHERMAL WASTES 
Considerations for Wetland Treatment of Spent 
Geothermal Fluids, 
W89-01831 5D 


GIARDIA 
Rehab for Filtration, 
W89-01348 5F 


GIARDIA LAMBLIA 
Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 
W89-01525 sc 


GIARDIASIS 


Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 5C 


GLACIAL SOILS 
Hydrogeology of Clay Till in a Prairie Region 
of Canada, 
W89-01406 2F 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


GLACIAL STREAMS 


Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 

W89-01274 2H 


GRAVEL 
Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 
W89-01751 2J 


GREASE 


Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 5A 


Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 

W89-02262 5D 


GREAT LAKES 
Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 
W89-02122 5B 


Ecosystem Surprise: Toxic Chemical Exposure 
and Effects in the Great Lakes, 
W89-02123 sc 


Known Effects of Pollutants on Fish-Eating 
Birds in the Great Lakes of North America, 
W89-02124 5C 


Fish Tumors as Known Field Effects of Con- 
taminants, 
W89-02125 5C 


Effects of Contaminants on Algae: An Over- 
view, 
W89-02127 5C 


Toxic Contaminants and Benthic Organisms in 
the Great Lakes: Cycling, Fate and Effects, 
W89-02128 5B 


Human Exposure Routes to Persistent Toxic 
Chemicals in the Great Lakes Basin: A Case 
Study, 

W89-02130 5B 


Research Needs in Support of the Assessment 
Process, 
W89-02136 SA 


Contaminants in Selected Fishes from the Upper 
Great Lakes, 
W89-02140 5B 


Uniting Habitat Quality and Fishery Programs 
in the Great Lakes, 
W89-02141 5G 


Perspectives on the Influence of Toxic Sub- 
stances on Fishery Productivity, 
W89-02147 5C 


Restocking of Great Lakes Fishes and Reduc- 
tion of Environmental Contaminants 1960-1980, 
W89-02148 81 


Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


Economic View of the Great Lakes, 
W89-02177 6A 


Transboundary Management of Large Lakes: 
Experience with the Great Lakes of North 
America, 

W89-02179 6E 


Setting Priorities for Great Lakes Environmen- 
tal Quality Research, 
W89-02188 6A 


Role of the News Media in Determining Public 
Policy for the Great Lakes, 
W89-02189 6A 


Role of Research in Management of the Lauren- 
tian Great Lakes, 
W89-02190 6A 


Ecosystem Management: Overcoming Jurisdic- 
tional Diversity through Law Reform, 
W89-02192 6E 


GREAT MIAMI RIVER 
Environmental Monitoring at Mound: 
Report, 
W89-01779 5B 


1986 


GREAT SALT LAKE 
Fog Effect of the Great Salt Lake, 
W89-01376 2B 


GROUND ICE 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour I’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de l’Eau), 
W89-01339 2G 


GROUNDWATER 
Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 
W89-01319 2H 








Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


Design and Performance of a Large Disposal 
Field (Conception et performance d’un champ 
d’epandage de grandes dimensions), 

W89-01338 SE 


Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-01353 5B 


Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


Groundwater and Wells, 
W89-01766 2F 


Overview of Michigan Groundwater Law, 
W89-02216 6E 


Federal and State Assistance for Action, 
W89-02221 6E 


Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


GROUNDWATER BUDGET 
Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
W89-02226 2F 


GROUNDWATER MANAGEMENT 
Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


Quantification of Groundwater Recharge in 
Arid Regions: A Practical View for Resource 
Development and Management, 

W89-02243 2F 


GROUNDWATER MOVEMENT 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 

W89-01402 5B 


Interpretation of Well and Field Data in a Heter- 
ogeneous Layered Aquifer Setting, Appalachian 
Plateau, 

W89-01405 2F 


Groundwater Quality, 
'W89-01499 5B 


Interpretation of Tidally Affected Ground- 
Water Flow Systems in Pollution Studies, 
W89-01535 5B 


Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


Role of Mass Transport Modeling, 
W89-01662 5B 


Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 


als, 
W89-01672 2F 


Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


Groundwater and Wells, 
W89-01766 2F 


Applied Hydrogeology, 
W89-01801 2A 


Modeling Groundwater Flow and Pollution: 
With Computer Programs for Sample Cases, 
W89-01810 2F 


Modern Trends in Tracer Hydrology. Volume I. 
W89-01981 2F 


Hydrological Tracers, 
W89-01982 7B 


Behavior of Artificial Tracers, 
W89-01983 7B 


Tracer Methodology in Hydrology, 
W89-01984 2A 


Monte Carlo Method in Radiotracer Experi- 
ments, 
W89-01985 2A 


Modern Trends in Tracer Hydrology. Volume 
Il. 
W89-01986 2F 


Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


Flowthrough Hydrokarstic Structures, 
W89-01988 2F 


Tracer Investigations in Geothermal Systems, 
W89-01989 2F 


Software for Teaching Principles of Chemical 
Movement in Soil, 
W89-02208 5B 


Estimation of Natural Groundwater Recharge. 
W89-02223 2F 


Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
W89-02226 2F 


Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 

W89-02247 2F 


Nodal Domain Integration Model of Two-Di- 
mensional Heat and Soil-Water Flow Coupled 
by Soil-Water Phase Change, 

W89-02265 2G 


GROUNDWATER POLLUTION 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


Nitrate Content in Fracture Zone Groundwater 
in the Humid Tropics as Related to Deforest- 
ation (La Teneur en Nitrates des Nppes de 
Fssures de la Zone Tropicale Humide en Rela- 
tion avec les Problemes de Deforestation), 
W89-01309 


Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 

W89-01316 5B 


Radioactivity in Water Supplies, 
W89-01352 SF 


Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 

W89-01360 5B 


Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 

W89-01445 5F 


GROUNDWATER POLLUTION 


Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


Organics, 
W89-01465 5A 


Groundwater Quality, 
W89-01499 5B 


Proceedings of the NWWA/API Conference on 
Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. 

W89-01530 5B 


Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 

W89-01531 5G 


Comparison of Ground Water Cleanup Levels; 
Two Case Histories, 
W89-01532 5G 


Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 

W89-01533 6E 


Three Low Cost Pumping Systems For Hydro- 
carbon Contaminated Ground Water, 
W89-01534 5G 


Interpretation of Tidally Affected Ground- 
Water Flow Systems in Pollution Studies, 
W89-01535 5B 


Practical Approach to Hydrocarbon Recovery 
at Marine Terminals, 
W89-01536 5G 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 


Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 

W89-01540 5G 


Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


Determination of a Realistic Estimate of the 
Actual Formation Product Thickness Using 
Monitor Wells: A Field Bailout Test, 

W89-01544 5B 


Ground Water Monitoring Experience at a Re- 
finery Land Treatment Unit, 
W89-01546 7A 


Detection and Delineation of a Fuel Oil Plume 


in a Layered Bedrock Deposit, 
W89-01547 1A 


Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 

W89-01548 5A 


Multi Depth Soil Gas Analyses, 
W89-01550 5A 


Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Reteases: Cost-Effective 


SU-29 





GROUNDWATER POLLUTION 


Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 
W89-01551 


Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 

W89-01552 5A 


Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


Dissolution of Residual Dense Non-Aqueous 
Phase Liquid (DNAPL) From a Saturated 
Porous Medium, 

W89-01555 5B 


Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 

W89-01556 5B 


Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


Vadose Model of Gasoline Leak, 
W89-01561 5B 


Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 

W89-01562 5B 


Proceedings of the International Symposium on 
Subsurface Injection of Liquid Wastes. 
W89-01564 SE 


Deeper Problems: Limits to Underground Injec- 
tion as a Hazardous Waste Disposal Method, 
W89-01565 SE 


Remediation of Ground-Water Contamination 
Resulting from the Failure of a Class I Injection 
Well: A Case History, 

W89-01581 5G 


Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


Principles of Bioreclamation of Contaminated 
Ground Water and Leachates, 
W89-01644 5G 


Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 1A 


Hazardous Wastes in Ground Water: A Soluble 
Dilemma. 
W89-01661 2F 


Role of Mass Transport Modeling, 
W89-01662 5B 


Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 

W89-01664 5B 


SU-30 


SUBJECT INDEX 


Migration of Organic Fluids Immiscible with 
Water in the Unsaturated and Saturated Zones, 
W89-01665 5B 


Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 5B 


How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 

W89-01668 5B 


Disposal Site Monitoring Data: Observations 
and Strategy Implications, 
W89-01669 5B 


Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 

W89-01670 5B 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 5A 


Natural-Gradient Tracer Study of Dissolved 
Benzene, Toluene and Xylenes in Ground 
Water, 

W89-01676 5B 


Geophysical Survey to Investigate Contaminant 
Migration from a Waste Site, 
W89-01677 5B 


Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 

W89-01678 2F 


Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


Ground Water Contamination Associated with 
Waste Disposal into a Water-Filled Open-Pit 
Coal Mine, 

W89-01683 5B 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 
ment, 

W89-01687 5B 


Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 SE 


Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in Iowa, 
W89-02011 5B 


Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


Biodegradation of Organic Compounds in 
Anoxic Groundwater Systems, 
W89-02027 5G 


Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 

W89-02028 5G 


On-Site Treatment Systems for Aquifer Restora- 
tion Biological Treatment, 
W89-02029 5G 


Rural Groundwater Contamination. 
W89-02196 2F 


Perspective on Soil and Water Conservation and 
Agriculturally Related Groundwater Contami- 
nation, 

W89-02198 4C 


Nitrates in lowa Groundwater, 
W89-02199 5B 


Groundwater Problem in Michigan: An Over- 
view, 
W89-02200 2F 


Impacts of Chemigation on Groundwater Con- 
tamination, 
W89-02202 5B 


Assessing Animal Waste Systems Impacts on 
Groundwater: Occurrences and Potential Prob- 
lems, 

W89-02203 5B 


Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 

W89-02205 5B 


Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 

W89-02206 5G 


Health Implications of Groundwater Contami- 
nants, 
W89-02211 5C 


Wisconsin Programs on Groundwater Pollution 
Liability, 
W89-02217 6E 


Rural Groundwater Contamination: Impacts of 
and Potential Benefits from Land Use Planning 
and Zoning, 

W89-02219 5G 


GROUNDWATER POTENTIAL 


Environmental Controls over 
Energy Exploitation, 
W89-01528 6G 


Geothermal 


GROUNDWATER QUALITY 


Interpretation of In Situ Groundwater Quality 
from Well Samples, 
W89-01605 7C 


Wisconsin Groundwater Quality Standards: Can 
Wastewater Land Treatment Systems Meet 
Them, 

W89-02080 6E 


Groundwater Problem in Michigan: An Over- 
view, 
W89-02200 2F 


Groundwater Monitoring: An Overview from 
Field Drilling to Laboratory Analysis, 
W89-02209 5A 


Treatment of Water from Contaminated Wells, 
W89-02212 


National Pesticides in Well Water Survey, 
W89-02213 


County Leadership for Groundwater Concerns, 
W89-02218 6E 


Rural Groundwater Contamination: Impacts of 
and Potential Benefits from Land Use Planning 
and Zoning, 

W89-02219 5G 








Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


GROUNDWATER RECH/é RGE 
Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 
W89-01317 2F 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


Estimation of Natural Groundwater Recharge. 
W89-02223 2F 


Groundwater Recharge Concepts, 
W89-02224 2F 


Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


Review of Some of the Physical, Chemical and 
Isotopic Techniques Available for Estimating 
Groundwater Recharge, 

W89-02227 2F 


Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


Recharge Estimation from the Depth-Distribu- 
tion of Environmental Chloride in the Unsatu- 
rated Zone: Western Australian Examples, 

W89-02233 2F 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 

W89-02235 2F 


Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 

W89-02236 2F 


Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


Estimating Natural Recharge of Ground Water 
by Moisture Accounting and Convolution, 
W89-02240 2F 


Natural Ground Water Estimation Methodolo- 
gies in India, 
W89-02241 2F 


SUBJECT INDEX 


BALSEQ - A Model for the Estimating of 
Water Balances, Including Aquifer Recharges, 
Requiring Scarce Hydrologic Data, 

W89-02242 2F 


Quantification of Groundwater Recharge in 
Arid Regions: A Practical View for Resource 
Development and Management, 

W89-02243 2F 


Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


Rainfall - Runoff - Recharge Relationships in the 
Basement Rocks of Zimbabwe, 
W89-02245 2B 


Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 

W89-02247 2F 


Groundwater Recharge over Western Saudi 
Arabia, 
W89-02248 2F 


Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


Estimation of Recharge of Sand Aquifer of the 
Island of Mannar, Sri Lanka, 
W89-02250 2F 


Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 

W89-02251 2F 


Quantitative Estimation of Ground-Water Re- 
charge in Dolomite, 
W89-02252 2F 


Quantitative Estimation of Ground-Water Re- 
charge in the Pretoria-Rietondale Area, 
W89-02253 2F 


Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 

W89-02254 2F 


Humid and Arid Zone Groundwater Recharge - 
A Comparative Analysis, 
W89-02255 2F 


GROUTING 
Foundation Treatment in Karstic Limestone: El 
Cajon Hydroelectric Project, Honduras, 
W89-01364 8E 


Waste Immobilization in Cement-based Grouts, 
W89-01651 5E 


GROWTH 
Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 
W89-01939 sc 


GROWTH MEDIA 
Anaerobic Pretreatment of High Strength 
Wastewaters Using a Reactive Growth Support 
Media, 
W89-02079 sD 


GUIDELINES 
Ecological Evaluation Procedure for Determin- 
ing Wetland Suitability for Wastewater Treat- 
ment and Discharges, 
W89-01852 5D 


GULFS 
Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 
W89-01520 2L 


GUPPIES 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 
W89-01395 5A 


GYPSUM 
Syngenetic Origin of Gypsum Crystals Bearing 
Bacterial Calcite Neoformation, Discovered 
within Suspended Matter in the Loire River 
Estuary, 
W89-01512 2L 


HAFNIUM 
Atomic Absorption Spectrometric and Synergis- 
tic Spectrophotometric Microdetermination of 
Hafnium in Alloys and Environmental Samples, 
W89-01526 SA 


HALIDES 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 

W89-02020 5D 


HALLANDALE 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


HALOGENATED PESTICIDES 
Organochlorine Pesticides, 
W89-01974 SA 


HALOGENS 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


HANDBOOKS 
NALCO Water Handbook. 
W89-01824 SF 


HARBORS 
Modelling Long and Intermediate Waves in a 
Harbor, 
W89-01362 8B 


HAZARD ASSESSMENT 
Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 5c 


Microcosm Procedure for Determining Safe 
Levels of Chemical Exposure in Shallow-Water 
Communities, 

W89-01789 5C 


Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


Experimental Procedures for Environmental 
Hazard Assessment, 
W89-02134 SA 


Predicting, Validating and Monitoring Effects of 
Toxics on Large Lake Ecosystems, 
W89-02153 $C 


HAZARD ASSESSMENTS 
Research Needs in Support of the Assessment 


Process, 
W89-02136 5A 


$U-31 





HAZARDOUS MATERIALS 


HAZARDOUS MATERIALS 
“Who's on First’ with Right to Know, 
W89-01291 6E 


Hazardous Wastes in Ground Water: A Soluble 
Dilemma. 
W89-01661 2F 


How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 

W89-01668 5B 


HAZARDOUS WASTES 
Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 
W89-01448 5B 


Solid and Hazardous Wastes and Water Quality, 
W89-01494 5G 


Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 7C 


Proceedings of the International Symposium on 
Subsurface Injection of Liquid Wastes. 
W89-01564 SE 


Deeper Problems: Limits to Underground Injec- 
tion as a Hazardous Waste Disposal Method, 
W89-01565 SE 


Underground Injection: A Positive Advocate, 
W89-01566 SE 


Mechanical Integrity of Class 1 Injection Wells, 
W89-01567 SE 


Factors Effecting the Area of Review for Haz- 
ardous Waste Disposal Wells, 
W89-01572 SE 


Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 

W89-01577 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


Focus on Research Needs, 
W89-01597 SE 


Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 


Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. 
W89-01634 7B 


Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 5A 


Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 

W89-01638 5A 


Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 SA 


Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality Assurance, 

W89-01641 7C 


Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


Use of Flexible Membrane Liners for Industrial 


and Hazardous Waste Disposal, 
W89-01645 5E 


SU-32 


SUBJECT INDEX 


Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 

W89-01650 5A 


Waste Immobilization in Cement-based Grouts, 
W89-01651 SE 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


ASTM Standard Leach Test D3986: A History, 
W89-01656 5A 


Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 5E 


Stabilization of a Thermally Sensitive Nitro- 
Compound Waste, 
W89-02014 5E 


Use of Tailored Clays for Selective Adsorption 
of Hazardous Pollutants, 
W89-02018 5D 


Biotreatment Inhibition by Hazardous Com- 
pounds in an Integrated Oil Refinery, 
W89-02024 5D 


Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 

W89-02035 5D 


Development of Treatment Alternatives 
Through an Understanding of Waste Chemistry, 
W89-02036 5D 


Waste Reduction in Illinois: An Overview, 
W89-02037 5G 


Integrated Plant for Treatment of Dilute Haz- 
ardous Waste, 
W89-02042 5D 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


Characterization of Treatment Residues from 
Hazardous Waste Treatment, Storage, and Dis- 
posal Facilities, 

W89-02045 5D 


Spent Caustic Treatment and Disposal, 
W89-02047 5D 


Activated Sludge Treatment of Selected Aque- 
ous Organic Hazardous Waste Compounds, 
W89-02064 5D 


Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 


Experimental Procedures for Environmental 
Hazard Assessment, 
W89-02134 5A 


Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 SE 


International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


International Conference on Innovative Biologi- 
cal Treatment of Toxic Wastewaters. 
W89-02267 5D 


Hazardous Waste 
Treatment, 


W89-02269 5D 


Management: Biological 


Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 

W89-02277 5D 


Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


SBR Treatment of Hazardous Wastewater - 
Full-Scale Results, 
W89-02281 5D 


Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


HEALTH EFFECTS 
Human Exposure Routes to Persistent Toxic 
Chemicals in the Great Lakes Basin: A Case 
Study, 
W89-02130 5B 


HEAT 
Nodal Domain Integration Model of Two-Di- 
mensional Heat and Soil-Water Flow Coupled 
by Soil-Water Phase Change, 
W89-02265 2G 


HEAT TRANSPORT 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour I’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de l’Eau), 
W89-01339 2G 


HEATED WATER 
Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


HEAVY METALS 


Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 

W89-01297 5A 


Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 

W89-01299 x 


Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 

W89-01307 5c 


Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 

W89-01394 5C 


Applications of Vyredox Method Regarding 
Iron Removal from Ground Water in China, 
Wws89-01411 5F 


Metal Multivariate Relations in Ecological Seg- 
ments, 
W89-01441 5B 


Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


Land Farming of Reserve Pit Fluids and 
Sludges: Fates of Selected Contaminants, 
W89-01460 5B 





Fate of Pollutants, 
W89-01501 5B 


Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 5A 


How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 

W89-01668 5B 


Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 5C 


Population and Guild Analysis for Interpretation 
of Heavy Metal Pollution in Streams, 
W89-01792 5C 


Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 

W89-01931 5A 


Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 

W89-02086 5D 


Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 

W89-02087 5D 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume I: Sources, Analysis, 
and Legislation. 

W89-02097 5A 


Scope of the Problem, 
W89-02098 5¢ 


Sources of Heavy Metals in Wastewater, 
'W89-02099 5B 


Pollution Control Legislation, 
W89-02100 6E 


Determination of Heavy Metals in Wastewater 
Matrices, 
W89-02101 SA 


Chemical Speciation of Heavy Metals in Sewage 
Sludge and Related Matrices, 
W89-02102 5B 


Physical and Electrochemical Speciation, 
W89-02103 5A 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume II: Treatment and Dis- 


posal. 
W89-02104 SE 


Primary Mechanical Treatment, 
W89-02105 5D 


Biological Treatment, 
W89-02106 5D 


Sludge Treatment, 
W89-02107 5D 


Water Treatment and Reuse, 


W89-02108 SF 


Sludge Disposal to Land, 
W89-02109 SE 


Case Study on the Fate of Heavy Metals: Lake 
Maggiore, Italy, 
W89-02173 5B 


Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 

W89-02273 5D 


Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


HELIOPHYTES 
Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 
un Lagunage a Microphytes Sous un Meme Cli- 
mate Tempere), 
W89-01524 5D 


HERBICIDES 
Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 
W89-01330 5B 


Fate and Persistence of Aquatic Herbicides, 
W89-01383 5B 


Phenoxyalkyl Acid Herbicides (CPHs), 
W89-01976 5A 


Substituted Urea Herbicides, 
W89-01979 5A 


Triazine Herbicides, 
W89-01980 SA 


Technical Review of the Factors Affecting 2,4- 
D for Aquatic Use, 
W89-01996 4A 


Technical Review of the Factors Affecting En- 
dothall for Aquatic Use, 
'W89-01997 4A 


Technical Review of Factors Affecting Diquat 
for Aquatic Use, 
W89-01998 4A 


Technical Review of the Factors Affecting the 
Aquatic Use of Dicamba, 
W89-01999 5B 


Technical Review of the Factors Affecting 
Aquatic Use of Dichlobenil, 
W89-02000 4A 


HETEROGRANULAR SEDIMENTS 
Sedimentation of a Heterogranular Mixture: Ex- 
perimental Lamination in Still and Running 
Water, 

Ww89-01511 2J 


HIGH DENSITY SLUDGE 
Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


HISTOLOGY 
Effect of an Anionic Detergent on the Lipid 
Moieties of Various Cell Types in the Opercular 
Epidermis of Rita rita, 
W89-01392 5C 


HISTORY 
Waddell Dam, Maricopa County, Arizona: Pho- 
tographs; Written Historical and Descriptive 
Data, Reduced Copies of Drawings, 
W89-01805 8A 


Historic Role of a Large Lake in Japan - The 
Case of Lake Biwa, 
W89-02178 6G 


HOGS 
Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


HYDRAULIC CONDUCTIVITY 


HOHOKAM INDIANS 
Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 
W89-01803 6G 


HOT SPRINGS 
Opaline Cherts Associated with Sublacustrine 
Hydrothermal Springs at Lake Bogoria, Kenya 
Rift Valley, 
W89-01334 2H 


HOUSING 
Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


HUBEI PROVINCE 
Lake Resources and Fisheries Utilization in 
Hubei Province, 
W89-02193 2H 


HUMAN CELL CULTURE 
Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 
W89-01297 5A 


HUMAN DISEASE 
Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 SF 


Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 SC 


HUMAN DISEASES 
Disease Hazards of Irrigation Schemes, 
W89-01379 6G 


Human Health Effects Assays, 
W89-01506 5A 


Health Implications of Groundwater Contami- 
nants, 
W89-02211 SC 


HUMAN HEALTH 
Human Exposure to Persistent Aquatic Con- 
taminants: A PCB Case Study, 
W89-02131 5B 


HUMIC ACIDS 
Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 
W89-01330 5B 


HUMIC LAKES 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 5C 


HUMID AREAS 
Humid and Arid Zone Groundwater Recharge - 
A Comparative Analysis, 
W89-02255 2F 


HYDRA 
Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 
Wws89-01921 bt 


HYDRAULIC CONDUCTIVITY 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 


Su-33 





HYDRAULIC CONDUCTIVITY 


Simultaneous Injection and Geophysical Log- 
ging, 
W89-01404 2F 


Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 7B 


Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


Laboratory Comparison of the Effects of Water 
and Waste Leachate on the Performance of Soil 
Liners, 

W89-01625 8D 


Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


Field Permeability Test for Clay Liners, 
W89-01631 7B 


Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


HYDRAULIC DESIGN 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


HYDRAULIC GRADIENT 
Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 


HYDRAULIC HEAD 
Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


HYDRAULIC MACHINERY 
Pond Creek Pumping Station, Southwestern Jef- 
ferson County, Kentucky: Hydraulic Model In- 
vestigation, 
W89-01768 8C 


Prime Movers Engines, Motors, 
Pumps, Blowers and Generators. 
W89-01821 8C 


Turbines, 


HYDRAULIC MODELS 
Modelling Long and Intermediate Waves in a 
Harbor, 
W89-01362 8B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part I, 
W89-01412 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part II, 
W89-01413 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part V, 
W89-01416 2E 


Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 

W89-01767 8B 


SU-34 


SUBJECT INDEX 


Pond Creek Pumping Station, Southwestern Jef- 
ferson County, Kentucky: Hydraulic Model In- 
vestigation, 

W89-01768 8C 


Lake Darling Spillway, Souris River, North 
Dakota: Hydraulic Model Investigation, 
W89-01769 8A 


Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, IIli- 
nois: Hydraulic Model Investigation, 

W89-01772 8B 


HYDRAULIC PROPERTIES 
Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 
W89-01767 8B 


HYDRAULIC STRUCTURES 


Analysis of Water Distribution Systems, 
W89-02259 SF 


HYDRAULICS 


Head Recovery at Submerged Abrupt Conduit 
Outlets, 
W89-01340 8B 


Analysis of Water Distribution Systems, 
W89-02259 SF 


HYDRILLA 


Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


HYDROCARBONS 


Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 

W89-01300 5C 


Fate of Pollutants, 
W89-01501 5B 


Three Low Cost Pumping Systems For Hydro- 
carbon Contaminated Ground Water, 
W89-01534 5G 


Practical Approach to Hydrocarbon Recovery 
at Marine Terminals, 
W89-01536 5G 


Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 

W89-01540 5G 


Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 SA 


Dissolution of Residual Dense Non-Aqueous 
Phase Liquid (DNAPL) From a Saturated 
Porous Medium, 

W89-01555 5B 


Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 

W89-01556 5B 


Natural-Gradient Tracer Study of Dissolved 
Benzene, Toluene and Xylenes in Ground 
Water, 

W89-01676 5B 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 5B 


Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


HYDROCHLORIC ACID 
Deep-Well Injection of Aqueous Hydrochloric 
Acid, 
W89-01591 SE 


Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 

W89-01592 5E 


HYDROELECTRIC PLANTS 
Foundation Treatment in Karstic Limestone: El 
Cajon Hydroelectric Project, Honduras, 
W89-01364 8E 


Representing Hydropower 
Power System, 
W89-01366 6D 


in Hydrothermal 


Instream Temperature Modeling and Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 

W89-01748 6G 


Hydropower Development of Salmon Rivers: 
Effect of Changes in Water Temperature on 
Growth of Brown Trout (Salmo trutta) Pres- 
molts, 

W89-01749 6G 


Effects of Short-Term Regulation by Power 
Plants on Erosion and Water Quality of a River, 
W89-01755 


State (Large-scale) Hydroelectric Resources, 
W89-01872 6A 


Flow Control, 
W89-01880 4A 


Fish Passage, Control Devices and Spawning 
Channels, 
W89-01883 8I 


Fish and Fisheries, 
W89-01890 81 


HYDROELECTRIC POWER 


Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 
que), 

W89-01337 6A 


Representing Hydropower in Hydrothermal 
Power System, 
W89-01366 6D 


Aquatic Biology and Hydroelectric Power De- 
velopment in New Zealand. 
W89-01871 6G 


Local (Small-scale) Hydroelectric Resources, 
W89-01873 6A 


Town and Country Planning, 
W89-01875 6A 


HYDROGEN ION CONCENTRATION 
Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 

W89-01295 7B 


HYDROGRAPHS 
Quantitative Estimation of Ground-Water Re- 
charge in the Pretoria-Rietondale Area, 
W89-02253 2F 


HYDROLOGIC BUDGET 
Recharge-Discharge Function of Wetlands near 
Juneau, Alaska: Part II. Geochemical Investiga- 
tions, 
W89-01403 2A 





Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 

W89-02229 7B 


BALSEQ - A Model for the Estimating of 
Water Balances, Including Aquifer Recharges, 
Requiring Scarce Hydrologic Data, 

W89-02242 2F 


Estimation of Recharge of Sand Aquifer of the 
Island of Mannar, Sri Lanka, 
W89-02250 2F 


Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 

W89-02251 2F 


Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 

W89-02254 2F 


Humid and Arid Zone Groundwater Recharge - 
A Comparative Analysis, 
W89-02255 2F 


HYDROLOGIC DATA 
U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Idaho. 
W89-02002 7 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Wash- 
ington. 

W89-02003 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Oregon. 
W89-02004 7C 


U.S. Environmental Protection Agency River 


Reach File: Hydrologic Segment Plots - Mon- 
tana. 
W89-02005 7C 


HYDROLOGIC DATA COLLECTION 
Practical Methodology for Processing and Vali- 
dation of Water Quality Data, 
W89-01684 7B 


HYDROLOGIC DATA COLLECTIONS 
Spatial Correlation of Hydrologic Time Series, 
W89-01371 7C 


Developing a Sampling Strategy, 
Ww89-01611 TA 


Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality Assurance, 

W89-01641 7C 


Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 

W89-01825 2L 


Review of Some of the Physical, Chemical and 
Isotopic Techniques Available for Estimating 
Groundwater Recharge, 

W89-02227 2F 


HYDROLOGIC MAPS 
U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Idaho. 
W89-02002 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Wash- 
ington. 

W89-02003 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Oregon. 
W89-02004 71C 


SUBJECT INDEX 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Mon- 
tana. 

W89-02005 7C 


HYDROLOGIC MODELS 
Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 
W89-01360 5B 


Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 

W89-02235 2F 


HYDROLOGIC PROPERTIES 
Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


HYDROLOGIC STUDIES 
European Experiences in Long-Term Forest 
Hydrology Research, 
W89-01713 2A 


Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 

W89-01756 ‘2H 


Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 

W89-01825 2L 


Hydrological Tracers, 
W89-01982 7B 


Behavior of Artificial Tracers, 
W89-01983 7B 


Tracer Methodology in Hydrology, 
W89-01984 2A 


Flowthrough Hydrokarstic Structures, 
W89-01988 2F 


HYDROLOGICAL REGIME 


Climatology and Hydrology, 
W89-01694 2A 


HYDROPHOBIC COMPOUNDS 
Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
Strate, 
W89-01454 5D 


HYDROPHOBICITY 
Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


HYDROXIDES 
Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 
W89-02086 5D 


ICE CHEMISTRY 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


IDAHO 
Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


Biological and Physical Inventory of the 
Streams within the Nez Perce Reservation: Ju- 
venile Steelhead Survey and Factors that Affect 
Abundance in Selected Streams in the Lower 
Clearwater River Basin, Idaho, 

W89-01776 2H 


Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


INDUSTRIAL PLANTS 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Idaho. 
W89-02002 7C 


ILLINOIS 
Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, Illi- 
nois: Hydraulic Model Investigation, 

W89-01772 8B 


Waste Reduction in Illinois: An Overview, 
W89-02037 5G 


ILYANASSA 
Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 
W89-01299 5C 


IMPAIRED WATER QUALITY 
Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 


IMPAIRED WATER USE 
Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 SF 


IMPEDANCE COMPUTED TOMOGRAPHY 
Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 

W89-01678 2F 


Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


IN SITU TESTS 
Phytoplankton Bioassays for Evaluating Toxici- 
ty of In Situ Sediment Contaminants, 
W89-01723 5C 


INDIA 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 

W89-02235 2F 


Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 

W89-02236 2F 


Natural Ground Water Estimation Methodolo- 
gies in India, 
W89-02241 2F 


INDUSTRIAL PLANTS 
Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


Industrial Siting in a Developing Country the 
Case of Argentina - Its Context - the Environ- 
mental Dimension, Hazardous Waste and Large 
Lakes, 

W89-02184 6G 


SU-35 





INDUSTRIAL WASTE 


INDUSTRIAL WASTE 
Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 
W89-01638 SA 


INDUSTRIAL WASTES 
Waste Reduction: Program, Practice and Prod- 
uct in Chemical Manufacturing, 
W89-01342 5G 


Source Reduction Technical Assistance: A Pilot 
Project and its Implications for the Chemical 
Industry, 

W89-01343 5G 


Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 5F 


Textile Wastes, 
W89-01487 5D 


Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


Operation and Maintenance of Underground In- 
jection Wells, 
W89-01578 SE 


Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 

W89-01600 TA 


Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 5E 


Deep-Well Disposal Formations, A Valuable 
Resource, 
W89-01689 SE 


Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


Implementation and Enforcement of an Industri- 
al Waste Pretreatment Program in Orlando, 
Florida, 

W89-02008 5D 


Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 5B 


3P Program: An Effective Approach to Industri- 
al Pollution, 
W89-02183 6A 


INDUSTRIAL WASTEWATER 
Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene. 
W89-01290 5D 


Meat, Fish, and Poultry Processing Wastes, 
W89-01482 5D 


SU-36 


SUBJECT INDEX 


Fruit, Grain, and Vegetable Wastes, 
W89-01483 


Fermentation Industry, 
W89-01484 5D 


Dairy Wastes, 
W89-01485 5D 


Metal Finishing and Processing, 
W89-01491 5D 


Persistence of Biologically Active Compounds 
in Soil, 
W89-01778 5B 


Seattle Metro’s Industrial Pretreatment Pro- 
gram: A Case Study for Regulation of the 
Boeing Commercial Airplane Company, 

W89-02007 5D 


Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 

W89-02015 5D 


Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 

W89-02016 5D 


Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 5D 


Water Reuse and Recycling in Industry, 
W89-02039 5D 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


Waste Oil Recovery, 
W89-02051 5D 


Chemical Enhancement and Depression of 
Oxygen Transfer in Industrial Wastewaters, 
W89-02059 


Enhanced Treatment of High Strength Soft 
Drink Bottling Wastewaters, 
W89-02066 5D 


Nickel Metal Recovery from Metal Finishing 
Industry Wastes, 
W89-02089 5D 


Wastewater Management in Semiconducting 
Electronic Crystal Manufacturing Facilities, 
W89-02091 


Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 

W89-02280 5D 


INFILTRATION 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour I’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de l’Eau), 
W89-01339 2G 


Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 

W89-01562 5B 


Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


Estimation of Natural Groundwater Recharge. 
W89-02223 2F 


Groundwater Recharge Concepts, 
W89-02224 2F 


Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


INFILTROMETERS 
Field Permeability Test for Clay Liners, 
W89-01631 7B 


INFORMATION EXCHANGE 
Legal and Public Information Change Needed, 
W89-02152 5G 


INFRARED IMAGERY 
Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


INJECTION WELLS 
Earthquakes, Injection Wells, and the Perry Nu- 
clear Power Plant, Cleveland, Ohio, 
W89-01335 8E 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 


Proceedings of the International Symposium on 
Subsurface Injection of Liquid Wastes. 
W89-01564 SE 


Deeper Problems: Limits to Underground Injec- 
tion as a Hazardous Waste Disposal Method, 
W89-01565 SE 


Underground Injection: A Positive Advocate, 
W89-01566 5E 


Mechanical Integrity of Class 1 Injection Wells, 
W89-01567 SE 


Cementing to Achieve Zone Isolation, 
W89-01568 SE 


Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


Class I Injection Well Design Considerations: 
Using Fiberglass Tubulars and Epoxy Cement, 
W89-01570 8C 


Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


Factors Effecting the Area of Review for Haz- 
ardous Waste Disposal Wells, 
W89-01572 SE 


Integrity Testing of Class I Hazardous Injection 
Wells: Related Experience in the Great Lakes 
Region, 

W89-01574 SE 


Sixteen Successful Years: A History of Stauffer 
Chemical Company’s Underground Injection at 
Bucks, Alabama, 

W89-01576 SE 








Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 

W89-01577 5E 


Operation and Maintenance of Underground In- 
jection Wells, 
W89-01578 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


Site Suitability for Waste Injection, Vickery, 
Ohio, 
W89-01580 5E 


Remediation of Ground-Water Contamination 
Resulting from the Failure of a Class I Injection 
Well: A Case History, 

W89-01581 5G 


Subsurface Injection in Ontario, Canada, 
W89-01582 2F 


Hydrogeology of Sedimentary Basins as It Re- 
lates to Deep-Well Injection of Chemical 
Wastes, 

W89-01583 2F 


Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 

W89-01585 SE 


Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 

W89-01587 2F 


Injection Zone Pressure Profile, 
W89-01588 SE 


Flow and Containment of Injected Wastes, 
W89-01589 SE 


Chemical Fate of Injected Wastes, 
W89-01590 5B 


Deep-Well Injection of Aqueous Hydrochloric 
Acid, 
W89-01591 SE 


Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 

W89-01592 SE 


Subsurface Disposal of Liquid Low-Level Ra- 
dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 SE 


Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 

W89-01594 SE 


Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 

W89-01595 SE 


Supercritical Deep Well Wet Oxidation of 
Liquid Organic Wastes, 
W89-01596 5D 


Focus on Research Needs, 
W89-01597 5E 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 SE 


Deep-Well Disposal Formations, A Valuable 
Resource, 
W89-01689 SE 


Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


INORGANIC COMPOUNDS 
Inorganics, 
W89-01464 5A 


How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 

W89-01668 5B 


Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 SC 


Effect of Inorganic Cations on Biological Fixed- 
Film Systems, 
W89-02275 5D 


INSECTICIDES 
Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 5C 


Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 

W89-01330 5B 


Effect of Endosulfan on Adenosine Triphospha- 
tase (ATPase) Activity in Liver, Kidney, and 
Muscles of Channa gachua, 

W89-01388 5C 


Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 5C 


Chemistry of the Cyclodiene Insecticides, 
W89-01972 5A 


INSECTS 
Aquatic Invertebrate Research, 
W89-01703 2H 


INSTITUTIONAL CONSTRAINTS 
Use of Wetlands for Wastewater Treatment and 
Effluent Disposal: Institutional Constraints, 
W89-01855 5D 


INSTITUTIONS 
Administration of the Fish Contaminant Pro- 
gram in a Decentralized State Agency, 
W89-02150 6E 


Introducing Scientific Analysis to Public Policy 
- An International Perspective, 
W89-02187 6E 


INSTREAM FLOW 
Method for Treatment of Data from the In- 
stream Flow Incremental Methodology for In- 
stream Flow Determination, 
W89-01737 4c 


Critique of the Instream Flow Incremental 
Methodology and Observations on Flow Deter- 
mination in New Zealand, 

W89-01738 7C 


INTERTIDAL AREAS 


Simulating Trout Feeding Stations in Instream 
Flow Models, 
W89-01741 2H 


Development and Applications of Macroinverte- 
brate Instream Flow Models for Regulated Flow 
Management, 

W89-01743 4A 


Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 

W89-01775 2H 


Invertebrate Fish Food Resources of Lotic En- 
vironments, 
W89-01802 2H 


Wild and Scenic Rivers: Conservation and Natu- 
ral Water Amenities, 
W89-01877 6F 


INTERCEPTION 
Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


INTERNAL LOADING 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


INTERNAL WAVES 
Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 


INTERNATIONAL AGREEMENTS 
Recent Developments in the Law of the Sea 
1984-1985, 
W89-01515 6E 


International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


INTERNATIONAL COMMISSIONS 
Transboundary Management of Large Lakes: 
Experience with the Great Lakes of North 
America, 

W89-02179 6E 


Transboundary Management of Lake Geneva, 
W89-02180 6E 


Introducing Scientific Analysis to Public Policy 
- An International Perspective, 
W89-02187 6E 


INTERNATIONAL COOPERATION 
Waste: The Enigma of the 80's, 
W89-02156 6A 


INTERNATIONAL LAW 
Recent Developments in the Law of the Sea 
1984-1985, 
W89-01515 6E 


INTERNATIONAL WATERS 
International Rivers Rhine and Meuse: Recent 
Developments in the Field of the Protection 
Against Pollution and of Drinking Water Pro- 
duction in the Netherlands Including the Prob- 
lems of Storage and Eutrophication, 
W89-01429 SF 


INTERTIDAL AREAS 
Current Studies on Species Interactions and 
Community Ecology of Macrobenthos in Interti- 
dal Flats: A Review, (in Japanese), 
W89-01381 2L 


SU-37 





INVERSE MODELING 


INVERSE MODELING 
Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


INVERTEBRATES 
Investigations of the Benthos of Mangrove 
Coastal Lagoons in Southern Cuba, 
W89-01281 2L 


Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 

W89-01313 2H 


Aquatic Invertebrate Research, 
W89-01703 2H 


Invertebrate Fish Food Resources of Lotic En- 
vironments, 
W89-01802 2H 


Invertebrates, 
W89-01889 6G 


ION EXCHANGE 
Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 
W89-01445 SF 


Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from Plating 
Wastewater, 

W89-02085 5D 


GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


IOWA 
Nitrates in lowa Groundwater, 
W89-02199 5B 


IRAQ 
Impact of Mosul Textile Factory Effluents on 
Tigris River Water Quality, 
W89-01326 5B 


IRON 
Applications of Vyredox Method Regarding 
Iron Removal from Ground Water in China, 
W89-01411 5F 


Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


IRON BACTERIA 
Seasonal and Spatial Distribution of Iron Pre- 
cipitating Heterotrophs in Water and Sediments 
of Fish Ponds of Differing Farming Manage- 
ments, 
W89-01271 2H 


IRON CYANIDES 
Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 $B 


IRRIGATION : 
Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 
W89-01319 2H 


IRRIGATION WATER 
Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 
W89-01316 5B 


SU-38 


SUBJECT INDEX 


ISOTOPE STUDIES 
Hydrogeology of Clay Till in a Prairie Region 
of Canada, 
W89-01406 2F 


ISOTOPIC TRACERS 
Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 
W89-02236 2F 


Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 

W89-02247 2F 


ISRAEL 
Fisheries Management, Water Quality and Eco- 
nomic Impacts: A Case Study of Lake Kinneret, 
W89-02138 8I 


ITALY 
Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 
W89-01304 5C 


Eutrophication in the Emilia-Romagna Coastal 
Waters in 1984-1985, 
W89-01306 x 


Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 

W89-01307 sxc 


Sediments and Pollution in the Northern Adriat- 


ic Sea, 
W89-01308 5B 


Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 

W89-02049 8F 


Lake Orta (N. Italy): Recovery After the Adop- 
tion of Restoration Plans, 
W89-02142 5G 


Case Study on the Fate of Heavy “Metals: Lake 
Maggiore, Italy, 
W89-02173 5B 


JAPAN 
Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 
W89-01440 5B 


Lake Biwa, Its Value and Relation to Tributary 
Streams, 
W89-02144 2H 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 5B 


Historic Role of a Large Lake in Japan - The 
Case of Lake Biwa, 
W89-02178 6G 


Lake Resources and Fisheries Utilization in 
Hubei Province, 
W89-02193 2H 


JEDDAH-MAKKAH TAIF 
Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


JONES CUTOFF 
Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 


County, Missouri, and Randolph County, Illi- 
nois: Hydraulic Model Investigation, 
W89-01772 8B 


KALAJOKI 

_ Increasing the Oxygen Content of the Kalajoki 
River, 
W89-01760 5G 


KAOLINITE 
Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


KARST 
Foundation Treatment in Karstic Limestone: El 
Cajon Hydroelectric Project, Honduras, 
W89-01364 8E 


Flowthrough Hydrokarstic Structures, 
W89-01988 2F 


Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


KARST HYDROLOGY 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 

W89-01317 2F 


Flowthrough Hydrokarstic Structures, 
W89-01988 2F 


Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


KENTUCKY 


Pond Creek Pumping Station, Southwestern Jef- 
ferson County, Kentucky: Hydraulic Model In- 
vestigation, 

W89-01768 8C 


KETONES 


Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


KINETICS 


Maximum Likelihood Analysis of Disinfection 
Kinetics, 
W89-01444 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 

W89-01453 5D 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


Competitive Kinetic Model of Suspended- 
Growth Inhibited Biological Systems, 
Ww89-02271 5D 


KOOTENAI RIVER 
Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 
W89-01775 2H 


LABORATORY WASTES 
Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 SE 








LAGOONS 
Investigations of the Benthos of Mangrove 
Coastal Lagoons in Southern Cuba, 
W89-0128! 2L 


LAKE BAIKAL 
Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
W89-02171 5B 


LAKE BANYOLES 
Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


LAKE BIWA 
Lake Biwa, Its Value and Relation to Tributary 
Streams, 
W89-02144 2H 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 5B 


Historic Role of a Large Lake in Japan - The 
Case of Lake Biwa, 
W89-02178 6G 


LAKE CHANGSHOU 


Impact of Lake Changshou on the Environment, 
W89-02195 6G 


LAKE DARLING 
Lake Darling Spillway, Souris River, North 
Dakota: Hydraulic Model Investigation, 
W89-01769 8A 


LAKE ERIE 
Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 


Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


LAKE EVAPORATION 
Fog Effect of the Great Salt Lake, 
W89-01376 2B 


LAKE GENEVA 


Transboundary Management of Lake Geneva, 
W89-02180 6E 


LAKE HURON 
Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


LAKE KINNERET 
Fisheries Management, Water Quality and Eco- 
nomic Impacts: A Case Study of Lake Kinneret, 
W89-02138 81 


LAKE MAGGIORE 
Case Study on the Fate of Heavy Metals: Lake 
Maggiore, Italy, 
W89-02173 5B 


LAKE MANAGEMENT 
Lake and Reservoir Management, 
W89-01497 5G 


Introducing Scientific Analysis to Public Policy 
- An International Perspective, 
W89-02187 6E 


LAKE MANAGUA 
Lake-Wide Impacts of Long-Term Sources of 
Xenobiotic Contaminants: Lake Managua (Nica- 
ragua) and Lake Michigan (United States), 
W89-02175 5c 


LAKE MANZALA 
Fishery Transformation on Lake Manzala, 
Egypt During the Period 1920 to 1980, 
W89-02139 81 


SUBJECT INDEX 


LAKE MICHIGAN 
Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 2J 


Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


Lake-Wide Impacts of Long-Term Sources of 
Xenobiotic Contaminants: Lake Managua (Nica- 
ragua) and Lake Michigan (United States), 

W89-02175 5C 


LAKE NAINI TAL 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 


LAKE ONTARIO 
Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 2 
Fish Tumors as Known Field Effects of Con- 
taminants, 
W89-02125 5C 


Effects of Contaminants on Algae: An Over- 
view, 
W89-02127 5C 


Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


LAKE ORTA 
Lake Orta (N. Italy): Recovery After the Adop- 
tion of Restoration Plans, 
W89-02142 5G 


LAKE RESTORATION 
Lake Orta (N. Italy): Recovery After the Adop- 
tion of Restoration Plans, 
W89-02142 5G 


Restocking of Great Lakes Fishes and Reduc- 
tion of Environmental Contaminants 1960-1980, 
W89-02148 81 


Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 81 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 5B 


LAKE ST. CLAIR 
St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


LAKE SUPERIOR 
Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 
W89-01924 5c 


Effects of Contaminants on Algae: An Over- 
view, 

W89-02127 sc 
Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 

W89-02169 5B 
Chemical Limnology of PCBs in Lake Superior 


- A Case Study, 
W89-02172 5B 


LAKES 


LAKE VANERN 
Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


LAKES 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 

W89-01279 5C 


Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 2H 


Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 5c 


Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 

W89-01313 2H 


Mixing and Transport, 
W89-01496 5B 


Lake and Reservoir Management, 
W89-01497 5G 


Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwa- 
ter Ecosystems. 

W89-01599 7B 


Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 

W89-01601 7A 


Lake Level Control, 
W89-01881 2H 


Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


Toxic Contamination in Large Lakes. Volume I: 
Chronic Effects of Toxic Contamimants in 
Large Lakes. 

W89-02121 5C 


Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. 

W89-02137 5C 


Riverine and Other Tropical Lakes and Their 
Fisheries, 
W89-02143 2H 


Lake Biwa, Its Value and Relation to Tributary 
Streams, 
W89-02144 2H 


Effects of Contaminants Loadings on Fisheries 
Yields from Large Lakes, 
W89-02145 5c 


Restocking of Great Lakes Fishes and Reduc- 


tion of Environmental Contaminants 1960-1980, 
W89-02148 81 


$U-39 





LAKES 


Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


Predicting, Validating and Monitoring Effects of 
Toxics on Large Lake Ecosystems, 
W89-02153 sc 


Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Con- 
taminants. 

W89-02155 5G 


Contributions of Urban Activities to Toxic Con- 
tamination of Large Lakes, 
W89-02157 5B 


Disposal Activities as a Source of Contaminants 
to Large Lakes, 
W89-02160 5B 


Significance of Atmospheric Inputs of Toxic 
Materials to Large Lakes, 
W89-02161 x 


Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sus- 
tainable Development. 

W89-02176 5G 


Model-Based Education Support Systems: Ap- 
plication to Large Lakes and Hazardous Waste 
Management, 

W89-02181 6A 


Lake Resources and Fisheries Utilization in 
Hubei Province, 
W89-02193 2H 


Protection of the Plateau Lakes in Yunnan Prov- 
ince, 
W89-02194 5G 


LAND APPRAISALS 
Value of Coastal Wetlands for Recreation: An 
Application of Travel Cost and Contingent 
Valuation Methodologies, 
W89-01372 6B 


LAND DISPOSAL 
Design and Performance of a Large Disposal 
Field (Conception et performance d’un champ 
d’epandage de grandes dimensions), 
W89-01338 SE 


Land Farming of Reserve Pit Fluids and 
Sludges: Fates of Selected Contaminants, 
W89-01460 5B 


On-site Alternatives for Treatment and Disposal, 
W89-01475 5D 


Land Application of Wastewater, 
W89-01479 5D 


Effect of Natural Hydroperiod Fluctuations on 
Freshwater Wetlands Receiving Added Nutri- 
ents, 

W89-01838 5D 


Terrestrial Communities: From Mesic to Hydric, 
W89-01841 SE 


Wisconsin Groundwater Quality Standards: Can 
Wastewater Land Treatment Systems Meet 
Them, 

W89-02080 6E 


Sludge Disposal to Land, 
W89-02109 SE 


LAND SLIDES 


Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 


SuU-40 


SUBJECT INDEX 


LAND TREATMENT 
Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. 
W89-01827 5D 


LAND USE 
Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 
W89-01321 4C 


Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


Lands and Natural Resources, 
W89-01527 6E 


Water Erosion in the Dryland Cropping Regions 
of Australia. 4. Land and Land Use Data for a 
Relative Assessment of Potential Soil Movement 
in Victoria, 

W89-01804 2J 


Handbook of Nonpoint Pollution: Sources and 
Management, 
W89-01822 5B 


Rural Groundwater Contamination: Impacts of 
and Potential Benefits from Land Use Planning 
and Zoning, 

W89-02219 5G 


LANDFILL LEACHATES 
Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 
W89-01451 5D 


LANDFILLS 
Effects of Commercial Landfill Bans on Waste 
Minimization Strategies and Treatment Perform- 
ance Standards, 
W89-01341 5E 


Geosynthetics: Cleanup Tools, 
W89-01346 8G 


Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 

W89-01629 5G 


Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 

W89-01640 SB 


Use of Flexible Membrane Liners for Industrial 
and Hazardous Waste Disposal, 
W89-01645 SE 


Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 


Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 

W89-02040 SE 


Geosynthetics for Use in Waste Facilities, 
W89-02043 5G 


Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 


Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 

W89-02205 5B 


Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 

W89-02277 5D 


LANDSLIDES 


Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


LARVAE 


New Aquatic Bioassay Technique Using Wyeo- 
myia smithii, the Pitcher-Plant Mosquito, 
W89-01937 SA 


LAW OF THE SEA 


International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


Recent Developments in the Law of the Sea 
1984-1985, 
W89-01515 6E 


Recent Developments in the Law of the Sea 
1986, 
W89-01518 6E 


LEACHATE TREATMENT 


Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 

W89-01451 5D 


LEACHATES 


Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 


Subsurface Pollution Containment Using a Com- 
posite System Vertical Cutoff Barrier, 
W89-01614 5G 


Laboratory Comparison of the Effects of Water 
and Waste Leachate on the Performance of Soil 
Liners, 

W89-01625 8D 


Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


Principles of Bioreclamation of Contaminated 
Ground Water and Leachates, 
W89-01644 5G 


Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 


Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 





Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 

W89-02277 5D 


LEACHING 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


Controlling Nitrate Leaching in Water Supply 
Catchments, 
W89-01349 5G 


Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 

W89-01562 5B 


Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. 
W89-01634 7B 


Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 SA 


Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 

W89-01638 5A 


Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 5A 


Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 

W89-01640 5B 


ASTM Standard Leach Test D3986: A History, 
W89-01656 SA 


Results of an Interlaboratory Study of a Column 
Method for Leaching Solid Wastes, 
W89-01657 5B 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


LEAD 
Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 
W89-01399 5B 


Consequences of Environmental Contamination 
by Lead Mining in Wales, 
W89-01733 5B 


Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


SUBJECT INDEX 


Lead and Mercury in the Mediterranean, 
W89-02132 5B 


LEAF RETENTION 
Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 
W89-01332 7B 


LEAKAGE 
Vadose Model of Gasoline Leak, 
W89-01561 5B 


Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


Soil Moisture Monitoring and Sampling Probe 
for Underground Storage Tanks and Surface 
Impoundments, 

W89-01654 5A 


Underground Storage Systems: Leak Detection 
and Monitoring, 
W89-01765 5A 


LEAVES 
Hydrologic Influences on Leaf Decomposition 
in a Channel and Adjacent Bank of a Gallery 
Forest Stream, 
W89-01331 2H 


Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 

W89-01332 7B 


Leaf Processing in a Reservoir: An Experimen- 
tal Approach, 
W89-01609 TA 


LEGAL ASPECTS 
Treating Industrial Plant Wastewater: Meeting 
Today’s Compliance Challenges, 
W89-01400 5D 


Law (1987 Amendments), 
W89-01463 6E 


International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


Recent Developments in the Law of the Sea 
1984-1985, 
W89-01515 6E 


Habitat Conservation Plans under the Endan- 
gered Species Act, 
W89-01516 6E 


Marine Pollution: Injury Without a Remedy, 
W89-01517 6E 


Recent Developments in the Law of the Sea 
1986, 
W89-01518 6E 


Sand Rights: Using California’s Public Trust 
Doctrine to Protect Against Coastal Erosion, 
W89-01519 6E 


Lands and Natural Resources, 
W89-01527 6E 


Environmental Controls 
Energy Exploitation, 
W89-01528 6G 


over Geothermal 


Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


LEVEES 


Use of Wetlands for Wastewater Treatment and 
Effluent Disposal: Institutional Constraints, 
W89-01855 5D 


Systems Ecology and Environmental Law: Do 
They Speak the Same Language, 
W89-01895 6E 


Legal and Public Information Change Needed, 
W89-02152 G 


Ecosystem Management: Overcoming Jurisdic- 
tional Diversity through Law Reform, 
W89-02192 6E 


Wisconsin Programs on Groundwater Pollution 
Liability, 
W89-02217 6E 


Federal and State Assistance for Action, 
W89-02221 6E 


LEGISLATION 
Law (1987 Amendments), 
W89-01463 6E 


Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


Town and Country Planning, 
W89-01875 6A 


Wild and Scenic Rivers: Conservation and Natu- 
ral Water Amenities, 
W89-01877 6F 


Aquatic Noxious Plants Legislation, 
W89-01879 6E 


Environmental Conditions for Water Resources 
Projects, 
W89-01991 6G 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume I: Sources, Analysis, 
and Legislation. 

W89-02097 5A 


Pollution Control Legislation, 
W89-02100 6E 


Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
W89-02171 5B 


LEGUMES 
Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 
W89-02206 5G 


LENTIC ENVIRONMENT 
Sedimentation of a Heterogranular Mixture: Ex- 
perimental Lamination in Still and Running 
Water, 
W89-01511 2 


LETHAL LIMIT 
Acute Toxicity of Cyanogen Chloride to Daph- 
nia magna, 
W89-01393 5C 


Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 

W89-01394 sc 


LETHAL LIMITS 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 s 


LEVEES 
Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 
W89-01321 4c 





LIABILITY 


LIABILITY 
Wisconsin Programs on Groundwater Pollution 
Liability, 
W89-02217 6E 


LIFE-CYCLE TESTS 
Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 5A 


Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 
W89-01936 SA 


LIMESTONE 
Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ging, 
W89-01404 2F 


LIMNOCORRALS 
Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


LIMNOLOGY 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


Bacterial Activity in a Reservoir Determined by 
Autoradiography and its Relationships to Phyto- 
and Zooplankton, 

W89-01277 2H 


Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 2H 


Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 

W89-01313 2H 


Invertebrate Fish Food Resources of Lotic En- 
vironments, 
W89-01802 2H 


Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


Toxic Contamination in Large Lakes. Volume I: 
Chronic Effects of Toxic Contamimants in 
Large Lakes. 

W89-02121 5C 


Riverine and Other Tropical Lakes and Their 
Fisheries, 
W89-02143 2H 


Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


LINERS 
Geosynthetics: Cleanup Tools, 
W89-01346 8G 


Hydraulic Barriers in Soil and Rock. 
W89-01612 8D 


Permeability of Clay to Acidic and Caustic Per- 
meants, 

W89-01621 5B 
Permeability Testing on Clayey Soil and Silty 


W89-01622 


Sand-Bentonite Mixture Using Acid Liquor, 
8D 


SU-42 


SUBJECT INDEX 


Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 

W89-01623 8D 


Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, ° 
W89-01624 8D 


Laboratory Comparison of the Effects of Water 
and Waste Leachate on the Performance of Soil 
Liners, 

W89-01625 8D 


Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 
W89-01627 5B 


Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 

W89-01629 5G 


Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


Field Permeability Test for Clay Liners, 
W89-01631 7B 


Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


Soil-Cement Liners, 
W89-01633 8D 


Use of Flexible Membrane Liners for Industrial 
and Hazardous Waste Disposal, 
W89-01645 SE 


Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 


Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


LININGS 
Field Permeability Test for Clay Liners, 
W89-01631 7B 


Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 

W89-01640 5B 


Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 SB 


Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


Geosynthetics for Use in Waste Facilities, 
W89-02043 5G 


Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


LIPOPHILIC COMPOUNDS 
Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 
W89-01448 5B 


LIQUID WASTES 
Deeper Problems: Limits to Underground Injec- 
tion as a Hazardous Waste Disposal Method, 
W89-01565 5E 


Integrity Testing of Class I Hazardous Injection 
Wells: Related Experience in the Great Lakes 
Region, 

W89-01574 5E 


Sixteen Successful Years: A History of Stauffer 
Chemical Company’s Underground Injection at 
Bucks, Alabama, 

W89-01576 SE 


Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 

W89-01577 SE 


Site Suitability for Waste Injection, Vickery, 
Ohio, 
W89-01580 SE 


Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 

W89-01595 SE 


Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 SE 


Deep-Well Disposal Formations, A Valuable 
Resource, 
W89-01689 SE 


Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


LITERATURE REVIEW 


Systems Analysis, 
W89-01461 6A 


Economics, 
W89-01462 6B 


Law (1987 Amendments), 
W89-01463 6E 


Inorganics, 
W89-01464 5A 


Organics, 
W89-01465 5A 


Water Characteristics, 
W89-01466 5A 


Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


Wastewater Collection, 
W89-01468 5D 


Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


Activated Sludge, 
W89-01470 5D 


Biological Fixed-Film Systems, 
W89-01471 5D 


Lagoons, Ponds, and Aerobic Digestion, 
W89-01472 5D 


Anaerobic Processes, 
W89-01473 5D 


Sludge Treatment, Utilization, and Disposal, 
W89-01474 





On-site Alternatives for Treatment and Disposal, 
W89-01475 5D 


Disinfection, 
W89-01476 5D 


Treatment Plant Management, Operation and 
Maintenance, 
W89-01477 5D 


Wastewater Reclamation and Reuse, 
W89-01478 3C 


Land Application of Wastewater, 
W89-01479 5D 


Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


Urban Runoff and Combined Sewer Overflow, 
W89-01481 5B 


Meat, Fish, and Poultry Processing Wastes, 
W89-01482 5D 


Fruit, Grain, and Vegetable Wastes, 
W89-01483 5D 


Fermentation Industry, 
W89-01484 5D 


Dairy Wastes, 
W89-01485 5D 


Agricultural Wastes, 
W89-01486 5D 


Textile Wastes, 
W89-01487 5D 


Coal and Coal Mine Drainage, 
W89-01488 5G 


Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


Power Industry Wastes, 
W89-01490 5G 


Metal Finishing and Processing, 
W89-01491 


Chemicals and Allied Products, 
W89-01492 


Radioactive Wastes, 
W89-01493 SE 


Solid and Hazardous Wastes and Water Quality, 
W89-01494 5G 


Nonpoint Sources, 
W89-01495 5G 


Mixing and Transport, 
W89-01496 5B 


Lake and Reservoir Management, 
W89-01497 5G 


Dissolved Oxygen in Streams and Reservoirs, 
W89-01498 5G 


Groundwater Quality, 
W89-01499 5B 


Thermal Effects, 
W89-01500 5C 


Fate of Pollutants, 
W89-01501 5B 


Effects of Pollution on Freshwater Organisms, 
W89-01502 iC 


Effects on Saltwater Organisms, 
W89-01503 


Aquatic Sediments, 
W89-01504 


Substrate Associated Microbiota, 
W89-01505 


Human Health Effects Assays, 
W89-01506 5A 


Effects of Chemicals on Microorganisms, 
W89-01507 5C 


Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 5A 


Sediment-Associated Contaminants: An Over- 
view of Scientific Bases for Developing Remedi- 
al Options, 

W89-01734 5B 


Stoneflies and River Regulation - A Review, 
W89-01744 2H 


Review of Some of the Physical, Chemical and 
Isotopic Techniques Available for Estimating 
Groundwater Recharge, 

W89-02227 2F 


Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


LITTER 
Leaf Processing in a Reservoir: An Experimen- 
tal Approach, 
W89-01609 TA 


Soil Arthropods and Their Role in Decomposi- 
tion and Mineralization Processes, 
W89-01702 2G 


LITTORAL ZONE 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 


Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


LIVER 
Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


LOCKS 
Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 
W89-01814 2J 


LOGGING 
Mechanical Integrity Research, 
W89-01575 8c 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4C 


Stream Chemistry Responses to Disturbance, 
W89-01709 4c 


LOGGING (RECORDING) 
Practical Experience of Borehole Performance 
Evaluation, 
W89-01356 SF 


Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ging, 

W89-01404 2F 

LONDON 

London Water Ring Main: An Optimal Water 
Supply System, 

W89-01350 SF 


MACROPHYTES 


Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-01353 5B 


Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


LOS ANGELES 
Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 
W89-02040 SE 


LOTIC ENVIRONMENT 
Sedimentation of a Heterogranular Mixture: Ex- 
perimental Lamination in Still and Running 
Water, 
W89-01511 2 


Invertebrate Fish Food Resources of Lotic En- 
vironments, 


W89-01802 2H 


LOUISIANA 
Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 
W89-01767 8B 


Long-Term Impacts of Agricultural Runoff in a 
Louisiana Swamp Forest, 
W89-01848 4c 


MACROINVERTEBRATES 
Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 2H 


Current Studies on Species Interactions and 
Community Ecology of Macrobenthos in Interti- 
dal Flats: A Review, (in Japanese), 

W89-01381 2L 


Factors Controlling the Secondary Productivity 
of Benthic Macroinvertebrates in Freshwaters: 
A Review, (in Japanese), 

W89-01382 2H 


Seasonal and Spatial Variability in Macro- 
benthos Communities in Jamaica Bay, New 
York: An Urban Estuary, 

W89-01424 5C 


Development and Applications of Macroinverte- 
brate Instream Flow Models for Regulated Flow 
Management, 

W89-01743 4A 


Classification of Tailwater Sites Receiving Re- 
sidual Flows from Upland Reservoirs in Great 
Britain, Using Macroinvertebrates Data, 

W89-01745 6G 


Impact of Large Discharge Fluctuations on the 
Macroinvertebrate Populations Downstream of 
a Dam, 

W89-01746 6G 


MACROPHYTES 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 


Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 


SU-43 





MACROPHYTES 


un Lagunage a Microphytes Sous un Meme Cli- 
mate Tempere), 
W89-01524 5D 


Role of Aquatic Macrophytes in Nutrient Flow 
Regulation in Lotic Ecosystems, 
W89-01610 5B 


Aquatic Macrophytes, 
W89-01888 6G 


Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 

W89-02273 sD 


MAINTENANCE 
Treatment Plant Management, Operation and 
Maintenance, 
W89-01477 5D 


MANAGEMENT 
Treatment Plant Management, Operation and 
Maintenance, 
W89-01477 5D 


MANAGEMENT PLANNING 
‘Who's on First’ with Right to Know, 
W89-01291 6E 


Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


Leading Question: In 
Thought, 
W89-01729 6A 


Situ Structures of 


Computer Models in Environmental Planning, 
W89-01823 


Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


State (Large-scale) Hydroelectric Resources, 
W89-01872 6A 


Local (Small-scale) Hydroelectric Resources, 
W89-01873 6A 


Town and Country Planning, 
W89-01875 6A 


Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 

W89-01906 x 


Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 

W89-01951 7A 


Community Involvement: The Catalytic Factor 
in Waste Management, 
W89-02041 6E 


Fisheries Management, Water Quality and Eco- 
nomic Impacts: A Case Study of Lake Kinneret, 
W89-02138 8I 


Uniting Habitat Quality and Fishery Programs 
in the Great Lakes, 
W89-02141 5G 


Freshwater Fisheries Management and Pollution 
in Britain: An Overview, 
W89-02151 8I 


Wealth Generator or Environmental Protector. 
The Approach of a Chemical Company to Proc- 
ess and Product Development under Increasing 
Environmental Pressures, 

W89-02163 6E 


Economic View of the Great Lakes, 
W89-02177 6A 


SU-44 


SUBJECT INDEX 


Model-Based Education Support Systems: Ap- 
plication to Large Lakes and Hazardous Waste 
Management, 

W89-02181 6A 


3P Program: An Effective Approach to Industri- 
al Pollution, 
W89-02183 6A 


Strategies for Control of Non-Point Source Pol- 
lution, 
W89-02186 5G 


Role of Research in Management of the Lauren- 
tian Great Lakes, 
W89-02190 6A 


Agriculture and Natural Resources: The Broad- 
ening Horizon, 
W89-02197 6A 


Rural Groundwater Contamination: Impacts of 
and Potential Benefits from Land Use Planning 
and Zoning, 

W89-02219 5G 


Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


Current Trends in Water-Supply 
Issues, Concepts, and Risks, 
W89-02257 5F 


Planning: 


MANGANESE 
Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 
W89-02095 5D 


MANGROVE FORESTS 
Investigations of the Benthos of Mangrove 
Coastal Lagoons in Southern Cuba, 
W89-01281 2L 


MANNAR ISLAND 
Estimation of Recharge of Sand Aquifer of the 
Island of Mannar, Sri Lanka, 
W89-02250 2F 


MARINE ENVIRONMENT 
Marine Pollution: Injury Without a Remedy, 
W89-01517 6E 


Intercalibration of Analytical Methods on 
Marine Environmental Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/OC). 

W89-01780 5A 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


MARINE MAMMALS 
Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 
W89-02126 5B 


MARINE SEDIMENTS 

Intercalibration of Analytical ethods on Marine 
Environmental Samples: Results of MEDPOL II 
Exercise for the Intercomparison of Trace Ele- 
ment Measurements on Mussel Tissue Homog- 
enate and Marine Sediment (MA-M-2/TM and 
SD-N-1/2/TM). 

W89-01813 5A 


Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


MARKETING 
Marketing Sludge Compost in Japan, 
W89-01294 SE 


MARSHES 
Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 
W89-01319 2H 


Estimating the Net Flux of Nutrients Between a 
Salt Marsh and a Tidal Creek, 
W89-01423 2L 


MASS TRANSFER 
Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 
W89-01559 5B 


Role of Mass Transport Modeling, 
W89-01662 5B 


MASS TRANSPORT 
Mass Transport to Streambed Biofilms, 
W89-01449 5B 


MATERIAL ENGINEERINGS 
Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


MATERIAL TESTING 
Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


MATERIALS 
Evaluating the Effectiveness of an Asphalt Cap 
at a Superfund Site, 
W89-01682 SE 


ASTM Standards on Materials and Environmen- 
tal Microbiology. 
W89-01826 2H 


MATHEMATICAL ANALYSIS 
Dimensionless Time-Drawdown Plots of Late 
Aquifer Test Data, 
'W89-01407 2F 


MATHEMATICAL MODELING 
Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


MATHEMATICAL MODELS 
Modelling Long and Intermediate Waves in a 
Harbor, 
W89-01362 8B 


Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 


Representing Hydropower 
Power System, 
W89-01366 6D 


in Hydrothermal 


Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


Modeling Turbulent Transport in Stratified Es- 
tuary, 
W89-01419 5B 


Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 





Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


Influence of Pore Air/Water Exchange on the 
Diffusion of Volatile Organic Vapors in Soil, 
W89-01560 5B 


Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 

W89-01585 SE 


Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


Flow and Containment of Injected Wastes, 
W89-01589 SE 


Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 

W89-01638 SA 


Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 

W89-01814 2J 


Energy Flow in Wetlands, 
W89-01834 5D 


Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


Tracking Two-Dimensional Freezing Front 
Movement Using the Complex Variable Bounda- 
ry Element Method, 

W89-02266 2G 


MATHEMATICAL STUDIES 
Streamflow Generation by Variable Source 
Area, 
W89-01699 2E 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


MEANDERS 
River-Bend Curvature and Migration: How are 
they Related, 
W89-01336 2J 


MEASURING INSTRUMENTS 
Water Characteristics, 
W89-01466 5A 


Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


MEAT PROCESSING INDUSTRY 
Start-Up and Operation Results from SBR 
Treatment of a Meat Processing Wastewater, 
W89-02053 


Performance of World’s Largest Cyclical Acti- 
vated Sludge Process Treating Combined Mu- 
nicipal/Packing House Wastewater, 

W89-02054 5D 


Irrigation of Pasture with Meat-Processing Plant 
Effluent, 
W89-02055 SE 


Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
W89-02069 5D 


Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 
W89-02071 5D 


SUBJECT INDEX 


MEDITERRANEAN SEA 
Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 
W89-01520 ye 


Lead and Mercury in the Mediterranean, 
W89-02132 5B 


MELTING 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


MEMBRANE FILTERS 
Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


MEMBRANE PROCESSES 
Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


MEMBRANES 
Use of Flexible Membrane Liners for Industrial 
and Hazardous Waste Disposal, 
W89-01645 SE 


MERCURY 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(+ +)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 5C 


Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 

W89-01390 5C 


Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 
W89-01730 5G 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


Lead and Mercury in the Mediterranean, 
W89-02132 5B 


Overview of the Effectiveness of Canadian 
Chlor-Alkali Mercury Regulations, 
W89-02135 5G 


Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


METABOLISM 
Effect of Oxygen on the Growth of Young Ayu, 
(in Japanese), 
W89-01509 2H 


METAL-FINISHING WASTES 
Source Reduction Technical Assistance: A Pilot 
Project and its Implications for the Chemical 
Industry, 
W89-01343 5G 


Metal Finishing and Processing, 
W89-01491 5D 


Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from Plating 
Wastewater, 

W89-02085 5D 


MICROBIAL DEGRADATION 


Precipitation Treatment of Spent Electroless 
Nickel Plating Baths, 
W89-02088 5D 


Nickel Metal Recovery from Metal Finishing 
Industry Wastes, 
W89-02089 5D 


Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


METALS 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 
W89-01328 SB 


Metal Multivariate Relations in Ecological Seg- 
ments, 
W89-01441 5B 


Comparisons of the Processing of Elements by 
Ecosystems, II: Metals, 
W89-01837 5D 


Methodology for Deiermining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 

W89-01927 5A 


Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


METHANE 
Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 
W89-01552 SA 


METHANE PRODUCTION 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


MICHIGAN 
St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


Detroit River, Michigan: An Ecological Profile, 
W89-01806 2H 


Michigan’s Process for Regulating Toxic Sub- 
stances in Surface’ Water Permits, 
W89-02154 5G 


Groundwater Problem in Michigan: An Over- 
view, 
W89-02200 2F 


Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 

W89-02205 5B 


Overview of Michigan Groundwater Law, 
W89-02216 6E 


County Leadership for Groundwater Concerns, 
W89-02218 6E 


Federal and State Assistance for Action, 
W89-02221 6E 


Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


MICROBIAL DEGRADATION 


Syngenetic Origin of Gypsum Crystals Bearing 
Bacterial Calcite Neoformation, Discovered 


SU-45 





MICROBIAL DEGRADATION 


within Suspended Matter in the Loire River 
Estuary, 
W89-01512 2L 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


MICROBIOLOGICAL STUDIES 
Disinfection, 
W89-01476 5D 


Substrate Associated Microbiota, 
W89-01505 5C 


Effects of Chemicals on Microorganisms, 
W89-01507 5C 


ASTM Standards on Materials and Environmen- 
tal Microbiology. 
W89-01826 2H 


Public Health Implications of Sewage Applica- 
tions on Wetlands: Microbiological Aspects, 
W89-01843 SC 


Microbiological Studies of Municipal Waste Re- 
lease to Aquatic Environments, 
W89-01845 5D 


Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 

W89-01846 5D 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 5A 


Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 

W89-02035 5D 


Cell Cultures and Other Host Systems for De- 
tecting and Quantifying Viruses in the Environ- 
ment, 

W89-02120 SA 


Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 

W89-02280 5D 


Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 

W89-02282 5D 


MICROCLIMATES 
Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


MICROCOSMS 
Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 SA 


Microcosm Procedure for Determining Safe 
Levels of Chemical Exposure in Shallow-Water 
Communities, 

W89-01789 5C 


MINE DRAINAGE 
Coal and Coal Mine Drainage, 
W89-01488 5G 


MINE WASTES 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 5C 


Arsenic Speciation and Quality of Groundwater 


in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


SU-46 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


Consequences of Environmental Contamination 
by Lead Mining in Wales, 
W89-01733 5B 


Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 

W89-02095 sD 


Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 $D 


MINERALIZATION 
Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


Soil Arthropods and Their Role in Decomposi- 
tion and Mineralization Processes, 
W89-01702 2G 


MINERALS 
Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


MINNOWS 
Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 
W89-01905 SC 


Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 

W89-01926 5C 


MISSISSIPPI DELTA 
Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 
W89-01321 4c 


MISSISSIPPI RIVER 
Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 
'W89-01767 8B 


Mississippi River Delta: A Natural Wastewater 
Treatment System, 
W89-01849 sD 


MISSOURI 
Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, Illi- 
nois: Hydraulic Model Investigation, 
W89-01772 8B 


MIXING 
Finite Element Characteristic Advection Model, 
W89-01418 


Modeling Turbulent Transport in Stratified Es- 
tuary, 
W89-01419 5B 


MNAGEMENT PLANNING 
Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


MOBILE 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


MODEL STUDIES 
Modelling Precipitation in a Cold Frontal Rain- 
band 


W39-01344 2B 


Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 

W89-01360 5B 


Model of Residual Currents and Pollutant Trans- 
port in the Arabian Gulf, 
W89-01361 5B 


Modelling Long and Intermediate Waves in a 
r, 
W89-01362 8B 


Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part I, 
W89-01412 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part II, 
W89-01413 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part V, 
W89-01416 2E 


Comprehensive Method of Characteristics 
Models for Flow Simulation, 
W89-01417 2E 


Finite Element Characteristic Advection Model, 
W89-01418 


Mass Transport to Streambed Biofilms, 
W89-01449 $B 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 

W89-01453 5D 


Systems Analysis, 
W89-01461 6A 


Electro-Osmotic Removal of Benzene From a 
Water Saturated Clay, 
W89-01538 5G 


Dissolution of Residual Dense Non-Aqueous 
Phase Liquid (DNAPL) From a Saturated 
Porous Medium, 

W89-01555 5B 


Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 

W89-01556 5B 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


Vadose Model of Gasoline Leak, 
W89-01561 5B 


Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 7¢ 


Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 

W89-01585 SE 


Flow and Containment of Injected Wastes, 
W89-01589 





Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 

W89-01606 TA 


Role of Mass Transport Modeling, 
W89-01662 5B 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


Streamflow Generation by Variable Source 
Area, 
W89-01699 2E 


Forest Ecosystem Stability: Revision of the Re- 
sistance-Resilience Model in Relation to Observ- 
able Macroscopic Properties of Ecosystems, 

W89-01712 2A 


Simulating Trout Feeding Stations in Instream 
Flow Models, 
W89-01741 2H 


Development and Applications of Macroinverte- 
brate Instream Flow Models for Regulated Flow 
Management, 

W89-01743 4A 


Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


Modeling Groundwater Flow and Pollution: 
With Computer Programs for Sample Cases, 
W89-01810 2F 


Computer Models in Environmental Planning, 
W89-01823 6A 


Vadose Zone Modeling of Organic Pollutants. 
W89-01859 $B 


Overview of Terrestrial Processes and Model- 
ing, 
W89-01860 5B 


Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7C 


Example Field Testing of Soil Fate and Trans- 
port Model, PRZM, Dougherty Plain, Georgia, 
W89-01863 5B 


Example Model Testing Studies, 
W89-01864 7C 


Design Criteria for a Predictive Ecological Ef- 
fects Modeling System, 
W89-01896 5C 


Resource Competition Modeling of the Impacts 
of Xenobiotics on Biological Communities, 
W89-01897 5C 


Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 
W89-01956 


Tracer Methodology in Hydrology, 
W89-01984 2A 


Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 

W89-02035 sD 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


Model-Based Education Support Systems: Ap- 
plication to Large Lakes and Hazardous Waste 
Management, 

W89-02181 6A 


Groundwater Problem in Michigan: An Over- 
view, 
W89-02200 2F 


Using Crop Models as a Decision Support 
System to Reduce Nitrate Leaching, 
W89-02207 5G 


Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 

W89-02229 7B 


Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


Estimating Natural Recharge of Ground Water 
by Moisture Accounting and Convolution, 
W89-02240 2F 


BALSEQ - A Model for the Estimating of 
Water Balances, Including Aquifer Recharges, 
Requiring Scarce Hydrologic Data, 

W89-02242 2F 


Simple Analytical Methods for Estimating 
Short-Term Rainfall, 
W89-02261 2B 


Nodal Domain Integration Model of Two-Di- 
mensional Heat and Soil-Water Flow Coupled 
by Soil-Water Phase Change, 

W89-02265 2G 


Tracking Two-Dimensional Freezing Front 
Movement Using the Complex Variable Bounda- 
ry Element Method, 

W89-02266 2G 


Competitive Kinetic Model of Suspended- 
Growth Inhibited Biological Systems, 
W89-02271 5D 


MODEL TESTING 
Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


MOLECULAR STRUCTURE 
Toxicity Assays and Molecular Structure Toxic- 


ity, 
W89-02270 5D 


MONITORING 
Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 

W89-01545 1A 


Ground Water Monitoring Experience at a Re- 
finery Land Treatment Unit, 
W89-01546 7A 


Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 

W89-01548 5A 


Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 SA 


MONITORING WELLS 


Multi Depth Soil Gas Analyses, 
W89-01550 SA 


Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 

W89-01551 SA 


Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 

W89-01552 5A 


Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 

W89-01600 1A 


Interpretation of In Situ Groundwater Quality 
from Well Samples, 
W89-01605 7C 


Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 

W89-01606 TA 


Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 7C 


Soil Moisture Monitoring and Sampling Probe 
for Underground Storage Tanks and Surface 
Impoundments, 

W89-01654 5A 


Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 

W89-01674 5A 


Underground Storage Systems: Leak Detection 
and Monitoring, 

W89-01765 SA 
Environmental Monitoring at Mound: 1986 
Report, 

W89-01779 5B 


Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


Can Biological Monitoring Early Warning Sys- 
tems be Useful in Detecting Toxic Materials in 
Water, 

W89-01901 SA 


Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 

W89-01951 7A 


Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
'W89-02030 5D 


Recovering Viruses from Soils and Aquatic 
Sediments, 
W89-02115 SA 


Predicting, Validating and Monitoring Effects of 
Toxics on Large Lake Ecosystems, 
W89-02153 5c 


Groundwater Monitoring: An Overview from 
Field Drilling to Laboratory Analysis, 
W89-02209 5A 


MONITORING WELLS 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 


SU-47 





MONITORING WELLS 


tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 
W89-01675 5A 


MONTANA 
Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 
W89-01316 5B 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Mon- 
tana. 

W89-02005 7C 


MONTE CARLO METHOD 
Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 TC 


Monte Carlo Method in Radiotracer Experi- 
ments, 
W89-01985 2A 


MORAXELLA 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 SA 


MORPHOLOGY 

Influence of Tropical Environment Conditions 
on the Morphology and Chemical Composition 
of the Test of Foraminifera (Gen. Ammonia) 
(Influence des Environnements Intertropicaux 
sur la Morphologie et la Composition Geochimi- 
que de Tests de Foraminiferes (Genre Ammonia) 
du Senegal), 

W89-01357 2L 


Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 

W89-01924 5C 


MOSQUITOES 
Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


New Aquatic Bioassay Technique Using Wyeo- 
myia smithii, the Pitcher-Plant Mosquito, 
W89-01937 5A 


MOUND 
Environmental 
Report, 
W89-01779 5B 


Monitoring at Mound: 1986 


MOUNTAIN STREAMS 
Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


MULTIPHASE FLOW 
Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


MULTIVARIATE ANALYSIS 
Three-Dimensional, Cross-Semivariogram Cal- 
culations for Hydrogeological Data, 

W89-01410 7 


MUNICIPAL WASTES 
Geosynthetics: Cleanup Tools, 
W89-01346 8G 


Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


MUNICIPAL WASTEWATER 
Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. 
W89-01827 5D 


suU-48 


SUBJECT INDEX 


Microbiological Studies of Municipal Waste Re- 
lease to Aquatic Environments, 
W89-01845 5D 


Performance of World’s Largest Cyclical Acti- 
vated Sludge Process Treating Combined Mu- 
nicipal/Packing House Wastewater, 

W89-02054 5D 


Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


MUNICIPAL WATER 
Rehab for Filtration, 
W89-01348 SF 


MUSSELS 
Sampling Effort Required to Find Rare Species 
of Freshwater Mussels, 
W89-01602 TA 


Rationale and Sampling Designs for Freshwater 
Mussels Unionidae in Streams, Large Rivers, 
Impoundments, and Lakes, 

W89-01603 TA 


Intercalibration of Analytical Methods on 
Marine Environmentai Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/0C). 

W89-01780 5A 


Intercalibration of Analytical ethods on Marine 
Environmental Samples: Results of MEDPOL II 
Exercise for the Intercomparison of Trace Ele- 
ment Measurements on Mussel Tissue Homog- 
enate and Marine Sediment (MA-M-2/TM and 
SD-N-1/2/TM). 

W89-01813 SA 


MUTAGENICITY 
Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


MUTAGENS 
Human Health Effects Assays, 
W89-01506 5A 


MYSIDS 
Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 
W89-01905 sc 


NAMIBIA 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


NATIONAL ENVIRONMENTAL POLICY ACT 
Environmental Conditions for Water Resources 
Projects, 

W89-01991 6G 


NATIONAL PLANNING 
Water Rights at the National and Regional 
Level, 
W89-01876 6E 


NATURAL GAS 
Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 
ment, 
W89-01687 5B 


NATURAL GAS WASTES 
Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


NATURAL WATERS 
Effects of Pollution on Freshwater Organisms, 
W89-01502 5c 


Wild and Scenic Rivers: Conservation and Natu- 
ral Water Amenities, 
W89-01877 6F 


Submissions, Recommendations and Objections: 
The Nature Conservation Council’s Experience, 
W89-01878 6E 


Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


NAVIGATION 
Lands and Natural Resources, 
W89-01527 6E 


Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 

W89-01814 2J 


NEMATODES 
Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 5F 


NETHERLANDS 
International Rivers Rhine and Meuse: Recent 
Developments in the Field of the Protection 
Against Pollution and of Drinking Water Pro- 
duction in the Netherlands Including the Prob- 
lems of Storage and Eutrophication, 
W89-01429 SF 


NETWORK DESIGN 
Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 
W89-01600 TA 


NEVADA 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


NEW JERSEY 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 5C 


NEW YORK 
Seasonal and Spatial Variability in Macro- 
benthos Communities in Jamaica Bay, New 
York: An Urban Estuary, 
W89-01424 5C 


NEW ZEALAND 
Critique of the Instream Flow Incremental 
Methodology and Observations on Flow Deter- 
mination in New Zealand, 
W89-01738 7C 


Aquatic Biology and Hydroelectric Power De- 
velopment in New Zealand. 
W89-01871 6G 


State (Large-scale) Hydroelectric Resources, 
W89-01872 6A 


Local (Small-scale) Hydroelectric Resources, 
W89-01873 6A 


Environmental Impact Assessment, 
W89-01874 6G 


Town and Country Planning, 
W89-01875 6A 


Water Rights at the National and Regional 
Level, 
W89-01876 6E 





Submissions, Recommendations and Objections: 
The Nature Conservation Council’s Experience, 
W89-01878 6E 


Aquatic Noxious Plants Legislation, 
W89-01879 6E 


Flow Control, 
W89-01880 4A 


Lake Level Control, 
'W89-01881 2H 


Aquatic Weed Problems, 
W89-01882 4A 


Fish Passage, Control Devices and Spawning 
Channels, 
W89-01883 8I 


Trout Hatcheries and Fish Stocking, 
W89-01884 8I 


Aquatic Macrophytes, 
W89-01888 6G 


Invertebrates, 
W89-01889 6G 


Fish and Fisheries, 
W89-01890 81 


Wetland Birds, 
W89-01891 2H 


NEZ PERCE RESERVATION 
Biological and Physical Inventory of the 
Streams within the Nez Perce Reservation: Ju- 
venile Steelhead Survey and Factors that Affect 
Abundance in Selected Streams in the Lower 
Clearwater River Basin, Idaho, 
W89-01776 2H 


NIAGARA RIVER 
Disposal Activities as a Source of Contaminants 
to Large Lakes, 
W89-02160 5B 


Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


NICARAGUA 
Lake-Wide Impacts of Long-Term Sources of 
Xenobiotic Contaminants: Lake Managua (Nica- 
ragua) and Lake Michigan (United States), 
W89-02175 5C 


NICKEL 
Precipitation Treatment of Spent Electroless 
Nickel Plating Baths, 
W89-02088 5D 


Nickel Metal Recovery from Metal Finishing 
Industry Wastes, 
W89-02089 5D 


Toxicity of Nickel in Methane Fermentation 
Systems: Fate and Effect on Process Kinetics, 
W89-02272 5D 


NIGERIA 
Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 
W89-02251 2F 


NITRATE REMOVAL 
Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 
W89-01445 5F 


NITRATES 
Nitrate Content in Fracture Zone Groundwater 
in the Humid Tropics as Related to Deforest- 
ation (La Teneur en Nitrates des Nppes de 
Fssures de la Zone Tropicale Humide en Rela- 
tion avec les Problemes de Deforestation), 
W89-01309 


SUBJECT INDEX 


Controlling Nitrate Leaching in Water Supply 
Catchments, 
W89-01349 5G 


Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 

W89-01446 7B 


Nitrate Remediation of Gasoline Contaminated 
Ground Waters: Results of a Controlled Field 
Experiment, 

W89-01539 5G 


Nitrates in lowa Groundwater, 
W89-02199 5B 


Losses and Transport of Nitrogen from Soils, 
W89-02201 5B 


Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 

W89-02206 5G 


Using Crop Models as a Decision Support 
System to Reduce Nitrate Leaching, 
W89-02207 5G 


NITRIFICATION 
In-stream Nitrification Rate Prediction, 
W89-01450 5B 


NITRILOTRIACETIC ACID 
Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 
W89-01794 5C 


NITRITES 
Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 
W89-01446 7B 


NITROGEN 
Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4C 


Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 

W89-02016 5D 


Losses and Transport of Nitrogen from Soils, 
W89-02201 5 


NITROGEN COMPOUNDS 
Stabilization of a Thermally Sensitive Nitro- 
Compound Waste, 
W89-02014 SE 


NITROGEN FIXING BACTERIA 
Correlation of Compound Properties With Bio- 
sorption of Organic Compounds, 
W89-01325 5D 


NITROPHENOLS 
Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 
W89-01795 5A 


NONPOINT POLLUTION SOURCES 
Urban Runoff and Combined Sewer Overflow, 
W89-01481 5B 


Nonpoint Sources, 
W89-01495 5G 


Handbook of Nonpoint Pollution: Sources and 
Management, 
W89-01822 5B 


Pollution Hazards of Agriculture, 
W89-02185 5B 


NUCLEAR POWERPLANTS 


Strategies for Control of Non-Point Source Pol- 
lution, 
W89-02186 5G 


Rural Groundwater Contamination. 
W89-02196 2F 


Agriculture and Natural Resources: The Broad- 
ening Horizon, 
W89-02197 6A 


Perspective on Soil and Water Conservation and 
Agriculturally Related Groundwater Contami- 
nation, 

W89-02198 4c 


Nitrates in lowa Groundwater, 
W89-02199 5B 


Losses and Transport of Nitrogen from Soils, 
W89-02201 5B 


Impacts of Chemigation on Groundwater Con- 
tamination, 
W89-02202 5B 


Assessing Animal Waste Systems Impacts on 
Groundwater: Occurrences and Potential Prob- 
lems, 

W89-02203 5B 


NORTH CAROLINA 
Forest Hydrology and Ecology at Coweeta. 
W89-01691 2A 


Introduction and Site Description, 
W89-01692 2A 


History of Coweeta, 
W89-01693 4C 


Bedrock Geology and Regional Geologic Set- 
ting of Coweeta Hydrologic Laboratory in the 
Eastern Blue Ridge, 

W89-01696 8E 


Weathering and Soil-Forming Processes, 
W89-01697 2 


Aquatic Invertebrate Research, 
W89-01703 2H 


Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4c 


Forest Access Roads: Design, Maintenance, and 
Soil Loss, 
W89-01707 4C 


Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 5C 


NORTH DAKOTA 
Lake Darling Spillway, Souris River, North 
Dakota: Hydraulic Model Investigation, 
W89-01769 8A 


NORTH SEA 
Transfer of Toxic Substances at the Air-Water 
Interface - Introduction and Examples from the 
North Sea, 
W89-02168 5B 


NUCLEAR POWER PLANTS 
Earthquakes, Injection Wells, and the Perry Nu- 
clear Power Plant, Cleveland, Ohio, 
W89-01335 8E 


NUCLEAR POWERPLANTS 
Radioactive Wastes, 
W89-01493 





NUCLEAR WASTES 


NUCLEAR WASTES 
Environmental Monitoring at 
Report, 

W89-01779 5B 


Mound: 1986 


NUTRIENT FLUX 
Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


Estimating the Net Flux of Nutrients Between a 
Salt Marsh and a Tidal Creek, 
W89-01423 2L 


NUTRIENTS 
Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


Estimating the Net Flux of Nutrients Between a 
Salt Marsh and a Tidal Creek, 
W89-01423 2L 


Role of Aquatic Macrophytes in Nutrient Flow 
Regulation in Lotic Ecosystems, 
W89-01610 5B 


Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 

W89-01650 5A 


Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


Effect of Natural Hydroperiod Fluctuations on 
Freshwater Wetlands Receiving Added Nutri- 
ents, 

W89-01838 5D 


Significance of Hydrology to Wetland Nutrient 
Processing, 
W89-01839 5D 


Management Potential for Nutrient Removal in 
Forested Wetlands, 
W89-01853 5D 


OAK RIDGE NATIONAL LABORATORY 
Subsurface Disposal of Liquid Low-Level Ra- 
dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 SE 


Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 

W89-02087 5D 


OCCUPATIONAL HEALTH 
‘Who's on First’ with Right to Know, 
W89-01291 


OCEAN DUMPING 
Sludge Disposal to Sea, 
W89-02110 


OCEAN POLLUTION EFFECTS 
International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


ODOR CONTROL 
Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


OHIO 
Site Suitability for Waste Injection, Vickery, 
Ohio, 
W89-01580 SE 


OIL 
Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 5A 


SU-50 


SUBJECT INDEX 


Use of Peat in the Treatment of Oil-in-Water 
Emulsions, 
W89-02052 5D 


Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 

W89-02262 5D 


OIL INDUSTRY 
Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


Complex Matrix in Environmental Chemistry 
for the Petrochemical Industry, 
W89-01649 SA 


Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 
ment, 

W89-01687 5B 


Deep-Well Disposal Formations, A Valuable 
Resource, 
W89-01689 pI 


OIL POLLUTION 
Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 
W89-01300 5C 


Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 5B 


Zooplankton Community Responses to Synthet- 
ic Oil Exposure, 
W89-01798 xc 


OIL RECOVERY 


Proceedings of the NWWA/API Conference on 
Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. 

W89-01530 5B 


Three Low Cost Pumping Systems For Hydro- 
carbon Contaminated Ground Water, 
W89-01534 5G 


Practical Approach to Hydrocarbon Recovery 
at Marine Terminals, 
W89-01536 5G 


Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 

W89-01545 7A 


Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


Waste Oil Recovery, 
W89-02051 5D 


OIL REFINERIES 
Effects of Oil Refinery Effluents on Selenastrum 
capricornutum Printz, 
W89-01272 x 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 5A 


Biotreatment Inhibition by Hazardous Com- 
pounds in an Integrated Oil Refinery, 
W89-02024 5D 


OIL SHALE 
Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


OIL SHALE WASTES 
Persistence of Biologically Active Compounds 
in Soil, 
W89-01778 5B 
OIL SPILLS 
Geosynthetics: Cleanup Tools, 
W89-01346 8G 


Model of Residual Currents and Pollutant 
Transport in the Arabian Gulf, 
W89-01361 5B 


Proceedings of the NWWA/API Conference on 
Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. 

W89-01530 5B 


Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 

W89-01531 5G 


Determination of a Realistic Estimate of the 
Actual Formation Product Thickness Using 
Monitor Wells: A Field Bailout Test, 

W89-01544 5B 


Ground Water Monitoring Experience at a Re- 
finery Land Treatment Unit, 
W89-01546 TA 


OIL WASTES 


Effects of Oil Refinery Effluents on Selenastrum 
capricornutum Printz, 
W89-01272 5C 


Land Farming of Reserve Pit Fluids and 
Sludges: Fates of Selected Contaminants, 
W89-01460 5B 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 5A 


Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 

W89-02015 5D 


Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 5A 


Biodegradation of Oilfield Production Pit 
Sludges, 
W89-02025 5D 


Removal of Selected Priority Pollutants Using a 
Pilot-Scale Modified Activated Sludge Process, 
W89-02062 5D 


OILY WATER 
Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene, 
W89-01290 5D 


Detection and Delineation of a Fuel Oil Plume 
in a Layered Bedrock Deposit, 
W89-01547 TA 


OLD RIVER 
Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 
W89-01767 8B 


ON-SITE SYSTEMS 
On-site Alternatives for Treatment and Disposal, 
W89-01475 5D 


ONTARIO 
Subsurface Injection in Ontario, Canada, 
W89-01582 2F 





OPEN CHANNEL FLOW 
Head Recovery at Submerged Abrupt Conduit 
Outlets, 
W89-01340 8B 


Comprehensive Method of Characteristics 
Models for Flow Simulation, 
W89-01417 2E 


OPERATIONS 
Treatment Plant Management, Operation and 
Maintenance, 
W89-01477 5D 


OREGON 
U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Oregon. 
W89-02004 % 


ORGANIC CARBON 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


ORGANIC COMPOUNDS 
Correlation of Compound Properties With Bio- 
sorption of Organic Compounds, 
W89-01325 5D 


Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 

W89-01328 5B 


Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


Organics, 
W89-01465 SA 


Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


Multi Depth Soil Gas Analyses, 
W89-01550 5A 


Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 

W89-01551 5A 


Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 

W89-01559 5B 


Influence of Pore Air/Water Exchange on the 
Diffusion of Volatile Organic Vapors in Soil, 
W89-01560 5B 


Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 

W89-01664 5B 


Migration of Organic Fluids Immiscible with 
Water in the Unsaturated and Saturated Zones, 
W89-01665 5B 


Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 5B 


How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 

W89-01668 5B 


Disposal Site Monitoring Data: Observations 
and Strategy Implications, 
W89-01669 5B 


Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 

W89-01674 5A 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 SA 


Natural-Gradient Tracer Study of Dissolved 
Benzene, Toluene and Xylenes in Ground 
Water, 

W89-01676 5B 


Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 
al, 

W89-01773 5C 


Vadose Zone Modeling of Organic Pollutants. 
W89-01859 5B 


Adsorption of Organic Chemicals onto Soil, 
W89-01867 5B 


Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


Effect of Natural Water Source on the Toxicity 
of Chemicals to Aquatic Microorganisms, 
W89-01925 5A 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 5A 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 5A 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 

W89-01956 7B 


Biodegradation of Organic Compounds in 
Anoxic Groundwater Systems, 
W89-02027 5G 


Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 

W89-02040 SE 


Activated Sludge Treatment of Selected Aque- 
ous Organic Hazardous Waste Compounds, 
W89-02064 5D 


Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 

W89-02129 SA 


OXIDATION 


Comparison of the Microbial Response of Mixed 

Liquors from Different Treatment Plants to In- 

dustrial Organic Chemicals, 

W89-02280 5D 
ORGANIC MATTER 

Design Criteria for the Removal of Organic 


Matter from Water with Aluminum, 
W89-01434 SF 


Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


ORGANIC SOLVENTS 
Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


ORGANIC WASTES 
Supercritical Deep Well Wet Oxidation of 
Liquid Organic Wastes, 
W89-01596 5D 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


ORGANOCHLORINES 
Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 
W89-02126 5B 


ORGANOPHOSPHORUS COMPOUNDS 
Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 

W89-01303 5B 


ORGANOPHOSPHORUS PESTICIDES 
Organophosphorus Pesticides, 
W89-01975 5A 


ORLANDO 
Implementation and Enforcement of an Industri- 
al Waste Pretreatment Program in Orlando, 
Florida, 
W89-02008 5D 


OSEUDOMONAS 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


OUTLETS 
Head Recovery at Submerged Abrupt Conduit 
Outlets, 
W89-01340 8B 


OXIDATION 
Applications of Vyredox Method Regarding 
Iron Removal from Ground Water in China, 
W89-01411 SF 


Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 

W89-01443 5D 


Supercritical Deep Well Wet Oxidation of 
Liquid Organic Wastes, 
W89-01596 5D 


Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 

W89-02095 5D 





OXYGEN 


OXYGEN 
Effect of Oxygen on the Growth of Young Ayu, 
(in Japanese), 
W89-01509 2H 


Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 

W89-01759 2H 


Increasing the Oxygen Content of the Kalajoki 
River, 
W89-01760 5G 


OYSTERS 
Effects of Fluoride Concentration in Seawater 
on Growth and Fluoride Accumulation by 
Sydney Rock Oyster (Saccostrea commercialis) 
and Flat Oyster (Ostrea angasi) Spat, 
W89-01452 5C 


Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
W89-01911 5sC 


OZONATION 
Dioxin: Treatment with Ozone, 
W89-02056 5D 


PACKED BED PROCESS 
Packed- and Fluidized-Bed Biofilm Reactor Per- 
formance for Anaerobic Wastewater Treatment, 
W89-01284 5D 


PALEOLIMNOLOGY 
Aquatic Sediments, 
W89-01504 5B 


PALISADES RESERVOIR 
Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


PARASITES 
Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 SF 


Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 5C 


PARTICLE SIZE 
Sedimentation of a Heterogranular Mixture: Ex- 
perimental Lamination in Still and Running 
Water, 
W89-01511 2J 


PARTICULATE MATTER 
Aquatic Invertebrate Research, 
W89-01703 2H 


PARTITION COEFFICIENTS 
Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 
W89-01448 5B 


PARTITION MODELS 
Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


PARTITIONING 
Partitioning of Trace Metals in Sediments: Rela- 
tionships with Bioavailability, 
W89-01718 5B 


PASSAIC RIVER 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 5C 


SU-52 


SUBJECT INDEX 


PATH OF POLLUTANTS 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


Multitable analyses in Factorial Ecology: II. 
Longitudinal Stratification of the Ardeche, Be- 
ginning with Physico-chemical Descriptors (Les 
analyses multitableaux en ecologie factorielle: II. 
Stratification longitudinale de l’Ardeche a partir 
de descripteurs physico-chemiques), 

W89-01293 2H 


Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 

W89-01296 5A 


Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 
W89-01303 5B 


Sediments and Pollution in the Northern Adriat- 
ic Sea, 
W89-01308 5B 


Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 

W89-01328 5B 


Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 

W89-01330 5B 


Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 

W89-01360 5B 


Model of Residual Currents and Pollutant Trans- 
port in the Arabian Gulf, 
W89-01361 5B 


Challenge of Acid Rain, 
W89-01380 5C 


Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 


Bioaccumulation Behavior of Persistent Organic 
Chemicals with Aquatic Organisms, 
W89-01386 5B 


Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 

W89-01399 5B 


Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 

W89-01402 5B 


Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Finite Element Characteristic Advection Model, 
W89-01418 5B 


Modeling Turbulent Transport in Stratified Es- 
tuary, 
W89-01419 5B 


Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 5F 


Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 

'W89-01440 5B 


Metal Multivariate Relations in Ecological Seg- 
ments, 
W89-01441 5B 


Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


In-stream Nitrification Rate Prediction, 
W89-01450 5B 


Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


Land Farming of Reserve Pit Fluids and 
Sludges: Fates of Selected Contaminants, 
W89-01460 5B 


Organics, 
W89-01465 SA 


Nonpoint Sources, 
W89-01495 5G 


Mixing and Transport, 
W89-01496 5B 


Groundwater Quality, 
W89-01499 5B 


Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 SA 


Iliness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 5C 


Interpretation of Tidally Affected Ground- 
Water Flow Systems in Pollution Studies, 
W89-01535 5B 


Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


Determination of a Realistic Estimate of the 
Actual Formation Product Thickness Using 
Monitor Wells: A Field Bailout Test, 

W89-01544 5B 


Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 

W89-01545 7A 





Detection and Delineation of a Fuel Oil Plume 
in a Layered Bedrock Deposit, 
W89-01547 TA 


Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


Dissolution of Residual Dense Non-Aqueous 
Phase Liquid (DNAPL) From a Saturated 
Porous Medium, 

W89-01555 5B 


Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 

W89-01559 5B 


Influence of Pore Air/Water Exchange on the 
Diffusion of Volatile Organic Vapors in Soil, 
W89-01560 5B 


Vadose Model of Gasoline Leak, 
W89-01561 5B 


Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 

W89-01562 5B 


Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 

W89-01585 SE 


Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


Interpretation of In Situ Groundwater Quality 
from Well Samples, 
W89-01605 7c 


Role of Aquatic Macrophytes in Nutrient Flow 
Regulation in Lotic Ecosystems, 
W89-01610 5B 


Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. 
W89-01634 7B 


Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 

W89-01640 5B 


Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 


Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


Role of Mass Transport Modeling, 
W89-01662 5B 


Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 

W89-01664 SB 


Migration of Organic Fluids Immiscible with 
Water in the Unsaturated and Saturated Zones, 
W89-01665 5B 


Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 SB 


How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 

W89-01668 5B 


Disposal Site Monitoring Data: Observations 
and Strategy Implications, 
W89-01669 5B 


Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 

W89-01670 5B 


Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 


als, 
W89-01672 2F 


Natural-Gradient Tracer Study of Dissolved 
Benzene, Toluene and Xylenes in Ground 
Water, 

W89-01676 5B 


Geophysical Survey to Investigate Contaminant 
Migration from a Waste Site, 
W89-01677 5B 


Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 

W89-01678 2F 


Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


Ground Water Contamination Associated with 
Waste Disposal into a Water-Filled Open-Pit 
Coal Mine, 

W89-01683 5B 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 
ment, 

W89-01687 5B 


Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 SE 


Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 2J 


PATH OF POLLUTANTS 


Sediments as a Source for Contaminants, 
W89-01716 5B 


Biological Processes Involved in the Cycling of 
Elements Between Soil or Sediments and the 
Aqueous Environment, 

W89-01717 5B 


Partitioning of Trace Metals in Sediments: Rela- 
tionships with Bioavailability, 
W89-01718 5B 


Interactions Between Sediment Contaminants 
and Benthic Organisms, 
W89-01719 5B 


Human Population: An Ultimate Receptor for 
Aquatic Contaminants, 
W89-01721 5B 


Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 


ganisms, 
W89-01724 SA 


Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


Consequences of Environmental Contamination 
by Lead Mining in Wales, 
W89-01733 5B 


Sediment-Associated Contaminants: An Over- 
view of Scientific Bases for Developing Remedi- 
al Options, 

W89-01734 5B 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 
al, 

W89-01773 5c 


Modeling Groundwater Flow and Pollution: 
With Computer Programs for Sample Cases, 
W89-01810 2F 


Chemical Interaction of a Forest Canopy with 
the Atmosphere, 
W89-01816 5B 


Forest Soils and Acid Deposition: An Overview 
and Synthesis, 
W89-01818 5B 


Aging Phenomena in Wastewater Wetlands, 
W89-01850 5D 


Vadose Zone Modeling of Organic Pollutants. 
W89-01859 5B 


Overview of Terrestrial Processes and Model- 
ing, 
W89-01860 5B 


Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 

W89-01861 5B 
Generic Steps in the Field Validation of Vadose 


Zone Fate and Transport Models, 
W89-01862 7C 


Example Field Testing of Soil Fate and Trans- 
port Model, PRZM, Dougherty Plain, Georgia, 
W89-01863 5B 


Example Model Testing Studies, 
W89-01864 7c 


Chemical Movement through Soil, 
'W89-01865 5B 


SU-53 





PATH OF POLLUTANTS 


Adsorption of Organic Chemicals onto Soil, 
W89-01867 5B 


Biotransformation, 
W89-01868 5B 


Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 

W89-01912 5C 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 5B 


Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 

W89-01943 SA 


Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 
ity, 

W89-01953 5B 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 

W89-01956 7B 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


Effect of Physicochemical Form on Copper 
Availability to Aquatic Organisms, 
W89-01959 5B 


Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


Environmental Impact and Significance of Pesti- 
cides, 
W89-01969 5C 


Organophosphorus Pesticides, 
W89-01975 5A 


Carbamate Pesticides, 
W89-01978 5A 


Substituted Urea Herbicides, 
W89-01979 5A 


Triazine Herbicides, 
W89-01980 5A 


Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in Iowa, 
W89-02011 5B 


Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 

W89-02082 5B 
Scope of the Problem, 

W89-02098 sc 


SU-54 


SUBJECT INDEX 


Chemical Speciation of Heavy Metals in Sewage 
Sludge and Related Matrices, 
W89-02102 5B 


Physical and Electrochemical Speciation, 
W89-02103 5A 


Methods for Recovering Viruses from the Envi- 
ronment. 
W89-02111 5A 


Mechanisms of Adsorption and Elution of Vi- 
ruses to Solids in the Natural Environment, 
W89-02118 5B 


Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 

W89-02126 5B 


Toxic Contaminants and Benthic Organisms in 
the Great Lakes: Cycling, Fate and Effects, 
W89-02128 5B 


Human Exposure Routes to Persistent Toxic 
Chemicals in the Great Lakes Basin: A Case 
Study, 

W89-02130 5B 


Human Exposure to Persistent Aquatic Con- 
taminants: A PCB Case Study, 
W89-02131 5B 


Lead and Mercury in the Mediterranean, 
W89-02132 5B 


Toxaphene: Usage, Aerial Transport and Depo- 
sition, 
W89-02133 5B 


Contaminants in Selected Fishes from the Upper 
Great Lakes, 
W89-02140 5B 


Lake Biwa, Its Value and Relation to Tributary 
Streams, 
W89-02144 2H 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 $B 


Transfer of Toxic Substances at the Air-Water 
Interface - Introduction and Examples from the 
North Sea, 

W89-02168 5B 


Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


Case Study on the Fate of Heavy Metals: Lake 
Maggiore, Italy, 
W89-02173 5B 


Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


Losses and Transport of Nitrogen from Soils, 
W89-02201 5B 


Impacts of Chemigation on Groundwater Con- 
tamination, 
W89-02202 5B 


Software for Teaching Principles of Chemical 
Movement in Soil, 
W89-02208 5B 


Feasability Study on the Retrospective Evalua- 
tion of Anomalous Local Tritium Fallout by the 
Analysis of Tree Rings from Selected Districts 
in Austria and Hungary, 

W89-02263 5B 


Simulations of Water and Solute Movement in 
the Buried Waste Repository at Vaalputs, 
W89-02264 5B 


PATHOGENS 
Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 5A 


Wildlife Health Implications of Sewage Disposal 
in Wetlands, 
W89-01844 5E 


PATHOLOGY 
Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 5C 


PEAT 
Use of Peat in the Treatment of Oil-in-Water 
Emulsions, 
W89-02052 5D 


PENNSYLVANIA 
History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part I, 
W89-01288 5D 


History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part II, 

W89-01289 5G 


‘Who’s on First’ with Right to Know, 
W89-01291 6E 


Recent Sewage Financing in Pennsylvania, 
W89-01292 6C 


PENTACHLOROPHENOL 
Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 

W89-01966 5G 


PERFORMANCE EVALUATION 
Practical Experience of Borehole Performance 
Evaluation, 
W89-01356 SF 


PERIPHYTON 
Structure of Periphytic Communities in Cooling 
Pond of Nuclear Power Plant, 
W89-01273 2H 


Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 

W89-01607 7C 


Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 

W89-01796 5C 


Periphyton, 
W89-01887 2H 


PERMEABILITY 
Flow through Activated Sludge Flocs, 
W89-01459 5D 


Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


Permeability of Clay to Acidic and Caustic Per- 
meants, 
W89-01621 5B 





Permeability Testing on Clayey Soil and Silty 
Sand-Bentonite Mixture Using Acid Liquor, 
W89-01622 8D 


Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 

W89-01623 8D 


Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


Laboratory Comparison of the Effects of Water 
and Waste Leachate on the Performance of Soil 
Liners, 

W89-01625 8D 


Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 
W89-01627 5B 


Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


Field Permeability Test for Clay Liners, 
W89-01631 7B 


Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


Soil-Cement Liners, 
W89-01633 8D 


PERMEABILITY COEFFICIENT 
Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 


PERMEAMETERS 
Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 7B 


PERMITS 
Michigan’s Process for Regulating Toxic Sub- 
stances in Surface Water Permits, 
W89-02154 5G 


PERSISTENCE 
Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


PESTICIDE KINETICS 
Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 
W89-01330 5B 


PESTICIDE TOXICITY 
Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 5C 


Effect of Endosulfan on Adenosine Triphospha- 
tase (ATPase) Activity in Liver, Kidney, and 
Muscles of Channa gachua, 

W89-01388 5C 


PESTICIDES 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
TUPAC Reports on Pesticides, No. 24, 

W89-01296 SA 


Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 5C 


Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 5C 


Fate of Pollutants, 
W89-01501 5B 


Effects of Pesticide Applications on Forested 
Watersheds, 
W89-01708 5C 


Evaluation of Simple Generic Aquatic Ecosys- 
tem Tests to Screen the Ecological Impacts of 
Pesticides, 

W89-01791 5c 


Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 

W89-01905 5C 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Analysis of Pesticides in Water. Volume I: Sig- 
nificance, Principles, Techniques, and Chemistry 
of Pesticides. 

W89-01968 5A 


Environmental Impact and Significance of Pesti- 
cides, 
W89-01969 5C 


Basic Principles and Practices on the Analysis of 
Pesticides, 
W89-01970 5A 


Positive Identification of Pesticide Residues by 
Chemical Derivatization-Gas Chromatographic 
Technique, 

W89-01971 SA 


Analysis of Pesticides in Water. Volume II: 
Chlorine- and Phosphorus-Containing Pesti- 
cides. 

W89-01973 SA 


Organochlorine Pesticides, 
W89-01974 5A 


Organophosphorus Pesticides, 
W89-01975 SA 


Analysis of Pesticides in Water. Volume III: 
Nitrogen-Containing Pesticides. 
W89-01977 SA 


Carbamate Pesticides, 
W89-01978 5A 


Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 

W89-02126 5B 


Contribution of Agricultural Pesticides to 
Worldwide Chemical Distribution, 
W89-02159 5B 


National Pesticides in Well Water Survey, 
W89-02213 5A 


Risk Considerations in Pesticide Public Policy 
Decision Making in Wisconsin, 
W89-02214 6A 


Technique to Determine Inhibition in the Acti- 
vated Sludge Process Using a Fed-Batch Reac- 
tor, 

W89-02279 5D 


PHYTOPLANKTON 


PHENOLS 
Determination of Twenty-one Chloroanisoles in 
Water and Sediment Samples, 
W89-01377 5A 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 

W89-02282 5D 


Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 

W89-02283 5D 


High-Rate Biological Process for Treatment of 
Phenolic Wastes, 


W89-02284 5D 


PHENOXYALKYL ACIDS 
Phenoxyalkyl Acid Herbicides (CPHs), 
W89-01976 SA 


PHILIPPINES 
Lessons from EIA for Bicol River Development 
in Philippines, 
W89-01367 6G 


PHOSPHATES 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


PHOSPHORUS 
Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


PHOTOOXIDATION 
Sensitized Photooxidation of Bromacil: Pilot, 
Bench, and Laboratory Scale Studies, 
W89-02057 5D 


PHYSICAL WASTEWATER TREATMENT 
Wastewater Treatment: Physical and Chemical 
Methods, 

W89-01469 5D 


PHYTOPLANKTON 
Seasonal Variations of Phytoplankton in a Series 
of Waste Treatment Lagoons (Chimkent, Cen- 
tral Asia): I. Artificial Inoculation and Role of 
Algae in Sewage Purification, 
W89-01275 5D 


Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


Bacterial Activity in a Reservoir Determined by 
Autoradiography and its Relationships to Phyto- 
and Zooplankton, 

W89-01277 2H 


Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 

W89-01279 5C 


Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 

W89-01282 5C 


SU-55 





PHYTOPLANKTON 


Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 

W89-01520 2L 


Phytoplankton Bioassays for Evaluating Toxici- 
ty of In Situ Sediment Contaminants, 
W89-01723 5C 


Evaluation of the Use of Community Similarity 
Techniques as Applied to Phytoplankton Com- 
munities, 

W89-01784 2H 


Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 

W89-01796 5C 


Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


PHYTOTOXICITY 
Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 5G 


PIEZOMETRY 
Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 
W89-02254 2F 


PILOT PLANTS 
Anaerobic Pilot Plant Studies for Dairy Plant 
Wastewaters, 
W89-02072 5D 


PIPELINES 
London Water Ring Main: An Optimal Water 
Supply System, 
W89-01350 5F 


PIPES FLOW 
Head Recovery at Submerged Abrupt Conduit 
Outlets, 
W89-01340 8B 


PLANNING 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 
que), 
W89-01337 6A 


Computer Models in Environmental Planning, 
W89-01823 6A 


PLANT GROWTH 
Growing Vegetables with Little Water, 
W89-01774 3F 


PLUMES 
Detection and Delineation of a Fuel Oil Plume 
in a Layered Bedrock Deposit, 
W89-01547 TA 


POLICY MAKING 
Setting Priorities for Great Lakes Environmen- 
tal Quality Research, 
W89-02188 6A 


POLLUTANT IDENTIFICATION 
Determination of Twenty-one Chloroanisoles in 
Water and Sediment Samples, 
W89-01377 5A 


Treating Industrial Plant Wastewater: Meeting 
Today's Compliance Challenges, 
W89-01400 5D 


Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


SU-56 


SUBJECT INDEX 


Evaluation of Direct Microscopical Counts and 
Endotoxin Measurements as Alternatives for 
Total Plate Counts, 

W89-01458 5A 


Inorganics, 
W89-01464 5A 


Organics, 
W89-01465 SA 


Aquatic Sediments, 
W89-01504 5B 


Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


Atomic Absorption Spectrometric and Synergis- 
tic Spectrophotometric Microdetermination of 
Hafnium in Alloys and Environmental Samples, 
W89-01526 SA 


Proceedings of the NWWA/API Conference on 
Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. 

W89-01530 5B 


Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 

W89-01545 7A 


Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 

W89-01548 5A 


Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 5A 


Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 

W89-01551 5A 


Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 

W89-01552 5A 


Complex Matrix in Environmental Chemistry 
for the Petrochemical Industry, 
W89-01649 5A 


Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 

W89-01650 5A 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 5A 


Practical Methodology for Processing and Vali- 
dation of Water Quality Data, 
W89-01684 7B 


Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


Intercalibration of Analytical Methods on 
Marine Environmental Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/OC). 

W89-01780 SA 


Intercalibration of Analytical ethods on Marine 
Environmental Samples: Results of MEDPOL II 


Exercise for the Intercomparison of Trace Ele- 
ment Measurements on Mussel Tissue Homog- 
enate and Marine Sediment (MA-M-2/TM and 
SD-N-1/2/TM). 

W89-01813 SA 


Can Biological Monitoring Early Warning Sys- 
tems be Useful in Detecting Toxic Materials in 
Water, 

W89-01901 SA 


Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 

W89-01924 5C 


Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 

W89-01927 5A 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 SA 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 5A 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 5A 


Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 5A 


Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 5A 


Analysis of Pesticides in Water. Volume I: Sig- 
nificance, Principles, Techniques, and Chemistry 
of Pesticides. 

W89-01968 5A 


Basic Principles and Practices on the Analysis of 
Pesticides, 
W89-01970 5A 


Positive Identification of Pesticide Residues by 
Chemical Derivatization-Gas Chromatographic 
Technique, 

W89-01971 SA 


Analysis of Pesticides in Water. Volume II: 
Chlorine- and Phosphorus-Containing Pesti- 
cides. 

W89-01973 5A 


Phenoxyalkyl Acid Herbicides (CPHs), 
W89-01976 5A 


Analysis of Pesticides in Water. Volume III: 
Nitrogen-Containing Pesticides. 
W89-01977 SA 








Carbamate Pesticides, 
W89-01978 


Substituted Urea Herbicides, 
W89-01979 5A 


Triazine Herbicides, 
W89-01980 5A 


Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 5A 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume I: Sources, Analysis, 
and Legislation. 

W89-02097 SA 


Methods for Recovering Viruses from the Envi- 
ronment. 
W89-02111 SA 


Recovering Viruses from Aerosols, 
W89-02114 SA 


Recovering Viruses from Soils and Aquatic 
Sediments, 
W89-02115 SA 


Methods for Recovering Viruses from Shellfish, 
Seawater, and Sediments, 
W89-02116 SA 


Reconcentration of Viruses from Primary 
Eluates, 
W89-02117 5A 


Methods for Rapid Detection and Rapid Identi- 
fication of Viruses, 
W89-02119 5A 


Cell Cultures and Other Host Systems for De- 
tecting and Quantifying Viruses in the Environ- 
ment, 

W89-02120 SA 


Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 

W89-02129 SA 


Chemical Properties Needed to Predict Expo- 
sure Potential, 
W89-02162 SA 


POLLUTANT TRANSPORT 
Modeling Groundwater Flow and Pollution: 
With Computer Programs for Sample Cases, 
W89-01810 2F 


POLLUTANTS 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 5A 


Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 

W89-01297 5A 


Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 

W89-01299 5C 


Atomic Absorption Spectrometric and Synergis- 
tic Spectrophotometric Microdetermination of 
Hafnium in Alloys and Environmental Samples, 
W89-01526 SA 


POLLUTION LOAD 
Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 


SUBJECT INDEX 


un Lagunage a Microphytes Sous un Meme Cli- 
mate Tempere), 
W89-01524 5D 


POLYCHLORINATED BIPHENYLS 
Cooperative Effort to Remediate a Historical 
PCB Disposal Site, 

W89-02010 5G 


Human Exposure to Persistent Aquatic Con- 
taminants: A PCB Case Study, 
W89-02131 5B 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 5B 


PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


POLYETHYLENE 
Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


POLYURETHANE FOAM 
Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 
W89-02016 5D 


POND CREEK 
Pond Creek Pumping Station, Southwestern Jef- 
ferson County, Kentucky: Hydraulic Model In- 
vestigation, 
W89-01768 8C 


PONDS 
Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


POPULATION DENSITY 
Sampling Effort Required to Find Rare Species 
of Freshwater Mussels, 
W89-01602 TA 


Rationale and Sampling Designs for Freshwater 
Mussels Unionidae in Streams, Large Rivers, 
Impoundments, and Lakes, 

W89-01603 7A 


POPULATION EXPOSURE 
Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


Human Population: An Ultimate Receptor for 
Aquatic Contaminants, 
W89-01721 5B 


Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 

W89-01909 5C 


PORE SIZE 
Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


PORE WATER 
Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 
W89-01421 2H 


PRECIPITATION 


POROSITY 
Flow through Activated Sludge Flocs, 
W89-01459 5D 


Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 
als, 

W89-01672 2F 


POROUS MEDIA 
Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 
als, 
W89-01672 2F 


Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


PORTLAND CEMENTS 
Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 5A 


PORTUGAL 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


POTABLE WATER 
Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 SF 


Urban Growth and Water Borne Diseases in 
Ibadan, 
W89-01433 5B 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


POTASH 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 5C 


POULTRY 
Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


POWER PLANTS 
Challenge of Acid Rain, 
W89-01380 5C 


PRAIRIES 
Hydrogeology of Clay Till in a Prairie Region 
of Canada, 
W89-01406 2F 


PRECAST CONCRETE 
Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 
W89-02049 8F 


PRECIPITATION 
Modelling Precipitation in a Cold Frontal Rain- 
band, 
W89-01344 2B 


Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


S$U-57 





PREDATION 


PREDATION 
Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 5A 


PREDICTION 
Predicting, Validating and Monitoring Effects of 
Toxics on Large Lake Ecosystems, 
W89-02153 5C 


PRETORIA 
Quantitative Estimation of Ground-Water Re- 
charge in the Pretoria-Rietondale Area, 
W89-02253 2F 


PRETREATMENT OF WASTEWATER 
Seattle Metro’s Industrial Pretreatment Pro- 
gram: A Case Study for Regulation of the 
Boeing Commercial Airplane Company, 
W89-02007 5D 


Implementation and Enforcement of an Industri- 
al Waste Pretreatment Program in Orlando, 
Florida, 

W89-02008 5D 


Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
'W89-02069 5D 


PRICES : 
International Comparison of Water Prices, 
W89-01427 6C 


PRIMARY PRODUCTIVITY 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


PRIMARY WASTEWATER TREATMENT 
Primary Mechanical Treatment, 
W89-02105 5D 


PRIORITIES 
Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


PRIORITY POLLUTANTS 
Removal of Selected Priority Pollutants Using a 
Pilot-Scale Modified Activated Sludge Process, 
W89-02062 5D 


PROCESS CONTROL 
Activated Sludge, 
W89-01470 5D 


Anaerobic Processes, 
W89-01473 5D 


Dissolved Oxygen Control in a Coupled Fluid- 
ized Bed System, 
W89-02060 5D 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


PROJECT PLANNING 
Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 
W89-01533 6E 


Administration of the Fish Contaminant Pro- 
gram in a Decentralized State Agency, 
W89-02150 6E 


PROTOZOA 
Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 
W89-01795 5A 


Use of Heliophrya sp., a Sessile Suctorian Proto- 


zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


SU-58 


SUBJECT INDEX 


PUBLIC HEALTH 
Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 5F 


Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 5F 


Disease Hazards of Irrigation Schemes, 
W89-01379 6G 


Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


Human Health Effects Assays, 
W89-01506 5A 


Human Population: An Ultimate Receptor for 
Aquatic Contaminants, 
W89-01721 5B 


Public Health Implications of Sewage Applica- 
tions on Wetlands: Microbiological Aspects, 
W89-01843 5C 


Health Implications of Groundwater Contami- 
nants, 
W89-02211 x 


PUBLIC PARTICIPATION 
County Leadership for Groundwater Concerns, 
W89-02218 


PUBLIC POLICY 
Legal and Public Information Change Needed, 
W89-02152 5G 


Introducing Scientific Analysis to Public Policy 
- An International Perspective, 
W89-02187 6E 


Role of the News Media in Determining Public 
Policy for the Great Lakes, 
W89-02189 6A 


Risk Considerations in Pesticide Public Policy 
Decision Making in Wisconsin, 
W89-02214 6A 


PUBLIC RELATIONS 
Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. 
W89-02137 5C 


Role of the News Media in Determining Public 
Policy for the Great Lakes, 
W89-02189 6A 


PUDDLING 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


PUGET SOUND 
Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 
W89-01952 x 


PULP AND PAPER INDUSTRY 
Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 
W89-02020 5D 


Improving Stability of a Paper Mill Sludge, 
W89-02021 


Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 5A 


Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
W89-02171 5B 


PULP WASTES 
Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 

W89-01443 5D 


Laboratory Comparison of the Effects of Water 
and Waste Leachate on the Performance of Soil 
Liners, 

W89-01625 8D 


PUMP WELLS 


Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


PUMPED STORAGE 


Representing Hydropower 
Power System, 
W89-01366 6D 


in Hydrothermal 


PUMPING 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 


Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 

W89-01540 5G 


PUMPING PLANTS 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


Pond Creek Pumping Station, Southwestern Jef- 
ferson County, Kentucky: Hydraulic Model In- 
vestigation, 

W89-01768 8C 


Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, Iili- 
nois: Hydraulic Model Investigation, 

W89-01772 8B 


PUMPING TESTS 
Practical Experience of Borehole Performance 
Evaluation, 
W89-01356 5F 


Determination of a Realistic Estimate of the 
Actual Formation Product Thickness Using 
Monitor Wells: A Field Bailout Test, 

W89-01544 5B 


PUMPS 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


Three Low Cost Pumping Systems For Hydro- 
carbon Contaminated Ground Water, 
W89-01534 5G 


Practical Approach to Hydrocarbon Recovery 
at Marine Terminals, 
W89-01536 5G 


PYRAMID LAKE 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


PYRITE 
Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 





Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


QUALITY CONTROL 
Validation of Collaborative Testing Guidelines, 
W89-01917 5A 


Why Round-Robin Testing with Zooplankton 
Often Fails to Provide Acceptable Results, 
W89-01918 5A 


Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 

W89-01921 5C 


Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 
tive Testing: Experience with a Soil Toxicity 
Bioassay, 

W89-01923 5A 


QUANTITATIVE ANALYSIS 
Quantitative Estimation of Ground-Water Re- 
charge in Dolomite, 
W89-02252 2F 


RADAR 
Objective Rainfall Evaluation in Radar Hydrol- 


ogy, 
W89-01368 7C 


RADIATION 
Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


RADIOACTIVE DATING 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 


RADIOACTIVE TRACERS 
Integrity Testing of Class I Hazardous Injection 
Wells: Related Experience in the Great Lakes 
Region, 
W89-01574 SE 


Hydrological Tracers, 
W89-01982 7B 


Monte Carlo Method in Radiotracer Experi- 
ments, 
W89-01985 2A 


RADIOACTIVE WASTE DISPOSAL 
Radioactive Wastes, 
W89-01493 SE 


Simulations of Water and Solute Movement in 
the Buried Waste Repository at Vaalputs, 
W89-02264 5B 


RADIOACTIVE WASTES 
Radioactive Wastes, 
W89-01493 5E 


Subsurface Disposal of Liquid Low-Level Ra- 
dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 5E 


Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


RADIOACTIVITY 
Radioactivity in Water Supplies, 
W89-01352 5F 


RADIOISOTOPES 
Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


RADON 
Radioactivity in Water Supplies, 
W89-01352 


SUBJECT INDEX 


Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


RAIN FORESTS 
Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 
W89-02251 2F 


RAINBOW TROUT 
Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 
W89-01775 2H 


Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 SA 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 5B 


RAINFALL 
Modelling Precipitation in a Cold Frontal Rain- 
band, 
W89-01344 2B 


Objective Rainfall Evaluation in Radar Hydrol- 
ogy, 
W89-01368 7c 


Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


Simple Analytical Methods for Estimating 
Short-Term Rainfall, 
W89-02261 2B 


RAINFALL ESTIMATION 

Simple Analytical Methods for Estimating 
Short-Term Rainfall, 

W89-02261 2B 


RAINFALL FORECASTING 

Simple Analytical Methods for Estimating 
Short-Term Rainfall, 

W89-02261 2B 


RAINFALL-RUNOFF RELATIONSHIPS 
Climatology and Hydrology, 
W89-01694 2A 


Streamflow Generation by Variable Source 
Area, 
W89-01699 2E 


Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


Rainfall - Runoff - Recharge Relationships in the 
Basement Rocks of Zimbabwe, 
W89-02245 2B 


RECESSION CURVE 
Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 
W89-02251 2F 


RECHARGE 
Recharge-Discharge Function of Wetlands near 
Juneau, Alaska: Part II]. Geochemical Investiga- 
tions, 
W89-01403 2A 


Groundwater Recharge Concepts, 
W89-02224 2F 


Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


Review of Some of the Physical, Chemical and 
Isotopic Techniques Available for Estimating 
Groundwater Recharge, 

W89-02227 2F 


Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


Recharge Estimation from the Depth-Distribu- 
tion of Environmental Chloride in the Unsatu- 
rated Zone: Western Australian Examples, 

W89-02233 2F 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 

W89-02235 2F 


Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 

W89-02236 2F 


Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


Estimating Natural Recharge of Ground Water 
by Moisture Accounting and Convolution, 
W89-02240 2F 


Natural Ground Water Estimation Methodolo- 
gies in India, 

W89-02241 2F 
Quantification of Groundwater Recharge in 
Arid Regions: A Practical View for Resource 
Development and Management, 

W89-02243 2F 


Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


Rainfall - Runoff - Recharge Relationships in the 
Basement Rocks of Zimbabwe, 
W89-02245 2B 


Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 

W89-02247 2F 


SU-59 





RECHARGE 


Groundwater Recharge over Western Saudi 
Arabia, 
W89-02248 2F 


Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


Estimation of Recharge of Sand Aquifer of the 
Island of Mannar, Sri Lanka, 
W89-02250 2F 


Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 

W89-02251 2F 


Quantitative Estimation of Ground-Water Re- 
charge in Dolomite, 
W89-02252 2F 


Quantitative Estimation of Ground-Water Re- 
charge in the Pretoria-Rietondale Area, 
W89-02253 2F 


Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 

W89-02254 2F 


Humid and Arid Zone Groundwater Recharge - 
A Comparative Analysis, 
W89-02255 2F 


RECLAIMED WATER 
Reusing Water, 
W89-01347 3C 


RECREATION 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 
que), 
W89-01337 6A 


Sand Rights: Using California’s Public Trust 
Doctrine to Protect Against Coastal Erosion, 
W89-01519 6E 


RECREATION DEMAND 
Value of Coastal Wetlands for Recreation: An 
Application of Travel Cost and Contingent 
Valuation Methodologies, 
W89-01372 6B 


Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


RECYCLING 
Water Reuse and Recycling in Industry, 
W89-02039 5D 


Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


RED RIVER 
Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 
W89-01814 2J 


REFINERY WASTES 
Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 
W89-02015 5D 


REFINERY WASTEWATER 
Removal of Selected Priority Pollutants Using a 
Pilot-Scale Modified Activated Sludge Process, 
W89-02062 5D 


SuU-4n 


SUBJECT INDEX 


REGIONAL PLANNING 
Water Rights at the National and Regional 
Level, 
W89-01876 6E 


REGRESSION ANALYSIS 
Maximum Likelihood Analysis of Disinfection 
Kinetics, 
W89-01444 5D 


REGULATED FLOW 
Regulated Streams: Advances in Ecology. 
W89-01736 2H 


Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 
W89-01739 2E 


Stoneflies and River Regulation - A Review, 
W89-01744 2H 


Impact of Large Discharge Fluctuations on the 
Macroinvertebrate Populations Downstream of 
a Dam, 

W89-01746 6G 


Predicting the Effects of a Possible Temperature 
Increase Due to Stream Regulation on the Eggs 
of Whitefish (Coregonus lav aretus) - A Labora- 
tory Approach, 

W89-01750 5C 


Suspended Solids Transport within Regulated 
Rivers Experiencing Periodic Reservoir Re- 
leases, 

W89-01752 2J 


Time-Scales for Ecological Change in Regulated 
Rivers, 
W89-01753 2E 


Towards a Rational Assessment of Residual 
Flows Below Reservoirs, 
W89-01754 2E 


Effects of Short-Term Regulation by Power 
Plants on Erosion and Water Quality of a River, 
W89-01755 6G 


Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 

W89-01758 5G 


Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


Ecology of Regulated Streams: Past Accom- 
plishments and Directions for Future Research, 
W89-01764 6G 


REGULATIONS 
‘Who's on First’ with Right to Know, 
W89-01291 6E 


Law (1987 Amendments), 
W89-01463 6E 


Power Industry Wastes, 
W89-01490 5G 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


Use of Wetlands for Wastewater Treatment and 
Effluent Disposal: Institutional Constraints, 
W89-01855 5D 


Submissions, Recommendations and Objections: 
The Nature Conservation Council’s Experience, 
W89-01878 6E 


Overview of the Effectiveness of Canadian 
Chlor-Alkali Mercury Regulations, 
W89-02135 5G 


Michigan’s Process for Regulating Toxic Sub- 
stances in Surface Water Permits, 
W89-02154 5G 


Waste: The Enigma of the 80's, 
W89-02156 6A 


Transboundary Management of Lake Geneva, 
W89-02180 6E 


Strategies for Control of Non-Point Source Pol- 
lution, 
W89-02186 5G 


Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


County Leadership for Groundwater Concerns, 
W89-02218 6E 


Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


REMOTE SENSING 
Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 

W89-02229 7B 


REPRODUCTION 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 
W89-01395 SA 


RESEARCH FACILITIES 
Forest Hydrology and Ecology at Coweeta. 
W89-01691 2A 


Introduction and Site Description, 
W89-01692 2A 


History of Coweeta, 
W89-01693 4C 


RESEARCH PRIORITIES 
Future Research for the Production of Drinking 
Water, 
W89-01432 5F 


Focus on Research Needs, 
W89-01597 SE 


Research Needs in Support of the Assessment 
Process, 
W89-02136 5A 


Setting Priorities for Great Lakes Environmen- 
tal Quality Research, 
W89-02188 6A 


Role of Research in Management of the Lauren- 
tian Great Lakes, 
W89-02190 6A 


RESERVOIR MANAGEMENT 
Lake and Reservoir Management, 
W89-01497 5G 


RESERVOIR RELEASES 
Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 
W89-01747 6G 








RESERVOIRS 
Bacterial Activity in a Reservoir Determined by 
Autoradiography and its Relationships to Phyto- 
and Zooplankton, 
W89-01277 2H 


Algae Flocculation in Reservoir Water, 
W89-01285 5G 


Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 

W89-01321 4C 


Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 


Macrobenthic Communities from Wetland Im- 
poundments and Adjacent Open Marsh Habitats 
in South Carolina, 

W89-01425 2L 


Dissolved Oxygen in Streams and Reservoirs, 
W89-01498 5G 


Classification of Tailwater Sites Receiving Re- 
sidual Flows from Upland Reservoirs in Great 
Britain, Using Macroinvertebrates Data, 
W89-01745 


Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 

W89-01747 6G 


Suspended Solids Transport within Regulated 
Rivers Experiencing Periodic Reservoir Re- 
leases, 

W89-01752 2J 


Towards a Rational Assessment of Residual 
Flows Below Reservoirs, 
W89-01754 2E 


Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 

W89-01759 2H 


Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


Measures to Benefit Wetland Birds, 
W89-01885 2H 


Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


Invertebrates, 
W89-01889 6G 


Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 


Indexes for Assessing Fish Biomass and Yield in 
Reservoirs, 
W89-02146 7c 


RESIN ACIDS 
Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 
W89-01912 5C 


RESINS 
Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


RESOURCE ALLOCATION 
Representing Hydropower in Hydrothermal 
Power System, 
W89-01366 6D 


RESOURCE DEVELOPMENT 
History of Coweeta, 
W89-01693 4C 


RESOURCES DEVELOPMENT 
Environmental Controls over Geothermal 
Energy Exploitation, 

W89-01528 6G 


RESOURCES MANAGEMENT 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 


que), 
W89-01337 6A 
Georges Bank - Common Ground or Continued 


Battleground, 
W89-01513 6E 


Lands and Natural Resources, 
W89-01527 6E 


Town and Country Planning, 
W89-01875 6A 


RHINE RIVER 
Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


RICE CULTIVATION 
Macrobenthic Communities from Wetland Im- 
poundments and Adjacent Open Marsh Habitats 
in South Carolina, 
W89-01425 2L 


RIGHT-TO-KNOW LAWS 
‘Who’s on First’ with Right to Know, 
W89-01291 6E 


RIPARIAN VEGETATION 
Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 
W89-01332 7B 


RISK 
Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 


RISK ASSESSMENT 
Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5c 


Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 

W89-01906 5C 


Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5c 


Risk Assessment/Risk Management as a Toxic 
Control Strategy, 
W89-02167 6A 


RISKS 
Trichloroethylene: Water Contamination and 
Health Risk Assessment, 
W89-01385 5B 


Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 5c 


RIVER FLOW 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


RIVER REGULATIONS 
Stoneflies and River Regulation - A Review, 
W89-01744 2H 


RIVERS 

Multitable analyses in Factorial Ecology: II. 
Longitudinal Stratification of the Ardeche, Be- 
ginning with Physico-chemical Descriptors (Les 
analyses multitableaux en ecologie factorielle: II. 
Stratification longitudinale de l’Ardeche a partir 
de descripteurs physico-chemiques), 

W89-01293 2H 


Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de I’ Allondon Genevoise), 

W89-01314 5C 


Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


Mixing and Transport, 
W89-01496 5B 


Dissolved Oxygen in Streams and Reservoirs, 
W89-01498 5G 


Hydropower Development of Salmon Rivers: 
Effect of Changes in Water Temperature on 
Growth of Brown Trout (Salmo trutta) Pres- 
molts, 

W89-01749 6G 


Suspended Solids Transport within Regulated 
Rivers Experiencing Periodic Reservoir Re- 


leases, 
W89-01752 2 


Time-Scales for Ecological Change in Regulated 
Rivers, 
W89-01753 2E 


Towards a Rational Assessment of Residual 
Flows Below Reservoirs, 
W89-01754 2E 


Effects of Short-Term Regulation by Power 
Plants on Erosion and Water Quality of a River, 
W89-01755 6G 


Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 

W89-01756 2H 


Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


Increasing the Oxygen Content of the Kalajoki 
River, 
W89-01760 5G 


Possible Effects of the Proposed Eastern Route 
Diversion of Changjiang (Yangtze) River Water 
to the Northern Provinces with Emphasis on the 
Hydrobiological Environment of the Main 
Water Bodies Along the Transfer Route, 
W89-01761 


Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


Wild and Scenic Rivers: Conservation and Natu- 
tal Water Amenities, 
W89-01877 6F 


Periphyton, 
W89-01887 2H 





RIVERS 


Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Idaho. 
W89-02002 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Wash- 
ington. 

W89-02003 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Oregon. 
W89-02004 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Mon- 
tana. 

W89-02005 7C 


ROADS 
Forest Access Roads: Design, Maintenance, and 
Soil Loss, 
W89-01707 4C 


ROCKY MOUNTAINS 
Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


ROUND-ROBIN TESTING 
Why Round-Robin Testing with Zooplankton 
Often Fails to Provide Acceptable Results, 
W89-01918 5A 


ROUTING 
Estimating Natural Recharge of Ground Water 
by Moisture Accounting and Convolution, 
W89-02240 2F 


RURAL AREAS 
Rural Groundwater Contamination. 
W89-02196 2F 


SACCHAROMYCES 
Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 
W89-01297 5A 


SAFETY 
Well 
Safety, 
W89-02215 8A 


Construction: Drilling, Location and 


SAGINAW RIVER 
Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 
W89-01929 SA 


SALINE LAKES 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 2H 


Opaline Cherts Associated with Sublacustrine 
Hydrothermal Springs at Lake Bogoria, Kenya 
Rift Valley, 

W89-01334 2H 


SALINE WATER INTRUSION 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


SALMON 


Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 5C 


SU-62 


SUBJECT INDEX 


Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 

W89-01799 $c 


Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 8I 


SALMON RIVER 
Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


SALMONELLA 
Influence of Indicator Bacteria on the Incidence 
of Salmonella in Aquatic Environment, 
W89-01510 5A 


SALT MARSHES 
Macrobenthic Communities from Wetland Im- 
poundments and Adjacent Open Marsh Habitats 
in South Carolina, 
W89-01425 2L 


Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 5C 


SAMPLE CONTAMINATION 


Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 

W89-01674 5A 


SAMPLE PRESERVATION 


Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


Complex Matrix in Environmental Chemistry 
for the Petrochemical Industry, 
W89-01649 SA 


SAMPLING 


Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


Substrate Associated Microbiota, 
W89-01505 5C 


Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 

W89-01548 5A 


Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 5A 


Multi Depth Soil Gas Analyses, 
W89-01550 5A 


Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 

W89-01551 5A 


Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 

W89-01552 5A 


Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwa- 
ter Ecosystems. 

W89-01599 7B 


Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 

W89-01600 TA 


Sampling Effort Required to Find Rare Species 
of Freshwater Mussels, 
W89-01602 7A 


Rationale and Sampling Designs for Freshwater 
Mussels Unionidae in Streams, Large Rivers, 
Impoundments, and Lakes, 

W89-01603 TA 


Characterizing the Influence of Natural Varia- 
bles During Environmental Impact Analysis, 
W89-01604 TA 


Interpretation of In Situ Groundwater Quality 
from Well Samples, 
W89-01605 7C 


Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 7C 


Developing a Sampling Strategy, 
W89-01611 TA 


Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


Complex Matrix in Environmental Chemistry 
for the Petrochemical Industry, 
W89-01649 5A 


Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 TA 


Practices for Sampling Solid Wastes from Point 
Discharges and Impoundments, 
W89-01655 TA 


Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 

W89-01674 5A 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 5A 


Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 

W89-02122 5B 


SAND 


Sand Rights: Using California’s Public Trust 
Doctrine to Protect Against Coastal Erosion, 
W89-01519 6E 


Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 

W89-01623 8D 


Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


SAND AQUIFERS 
Natural-Gradient Tracer Study of Dissolved 
Benzene, Toluene and Xylenes in Ground 
Water, 
W89-01676 5B 








SATELLITE TECHNOLOGY 
Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 
W89-02229 7B 


SATURATED FLOW 
Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 


Migration of Organic Fluids Immiscible with 
Water in the Unsaturated and Saturated Zones, 
W89-01665 5B 


SAUDI ARABIA 
Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


Groundwater Recharge over Western Saudi 
Arabia, 
W89-02248 2F 


SCUM 
Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 
W89-01453 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
strate, 

W89-01454 5D 


SEA GRASSES 
Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5C 


SEA URCHINS 
Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 5C 


SEA WATER 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


SEALANTS 
Fluid Sealed Class I Injection Wells, 
W89-01573 8C 


SEASONAL VARIATION 
Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 
W89-02020 5D 


SEATTLE 
Seattle Metro’s Industrial Pretreatment Pro- 
gram: A Case Study for Regulation of the 
Boeing Commercial Airplane Company, 
W89-02007 5D 


SEAWATER 
Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 
W89-01295 7B 


Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 

W89-01421 2H 


Effects on Saltwater Organisms, 
W89-01503 P 


Methods for Recovering Viruses from Shellfish, 
Seawater, and Sediments, 
W89-02116 SA 


SUBJECT INDEX 


PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


SECONDARY PRODUCTIVITY 
Factors Controlling the Secondary Productivity 
of Benthic Macroinvertebrates in Freshwaters: 
A Review, (in Japanese), 
W89-01382 2H 


SECONDARY WASTEWATER TREATMENT 
Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 

W89-01851 5D 


Solids Settling Variability in Activated Sludge 
Secondary Clarifiers: Effect on Operation and 
Capacity, 

W89-02061 5D 


SEDIMENT CONTAMINATION 
Biological Processes Involved in the Cycling of 
Elements Between Soil or Sediments and the 
Aqueous Environment, 
W89-01717 5B 


Interactions Between Sediment Contaminants 
and Benthic Organisms, 
W89-01719 5B 


Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


Social and Human Relevance of In Situ Sedi- 
ments, 
W89-01726 6G 


Assessment of Socio-Economic Ramifications, 
W89-01727 


Contaminated Sediments in the Elbe Estuary: 
Ecological and Economic Problems for the Port 
of Hamburg, 

W89-01731 5C 


Sediment-Associated Contaminants: An Over- 
view of Scientific Bases for Developing Remedi- 
al Options, 

W89-01734 5B 


Protocol for the Selection of Process-Oriented 
Remedial Options to Control In Situ Sediment 
Contaminants, 

W89-01735 5G 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 SA 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 SA 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 5A 


Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 SA 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


SEDIMENT DISCHARGE 
Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 
W89-01321 4C 


SEDIMENT PROPERTIES 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 2J 


SEDIMENT TRANSPORT 
Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 2J 


Suspended Solids Transport within Regulated 
Rivers Experiencing Periodic Reservoir Re- 
leases, 

W89-01752 2J 


SEDIMENT-WATER INTERFACES 
Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 
W89-01446 7B 


Mass Transport to Streambed Biofilms, 
W89-01449 5B 


SEDIMENTARY BASINS 
Hydrogeology of Sedimentary Basins as It Re- 
lates to Deep-Well Injection of Chemical 
Wastes, 
W89-01583 2F 


SEDIMENTATION 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 4c 


Sedimentation of a Heterogranular Mixture: Ex- 
perimental Lamination in Still and Running 
Water, 

W89-01511 2 


Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 2J 


Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 

W89-01751 2 


Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 

W89-01814 2 


Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 

W89-01825 2L 


SEDIMENTS 
Sediments and Pollution in the Northern Adriat- 
ic Sea, 
W89-01308 5B 


Determination of Twenty-one Chloroanisoles in 
Water and Sediment Samples, 
W89-01377 SA 


Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


Aquatic Sediments, 
W89-01504 5B 


Syngenetic Origin of Gypsum Crystals Bearing 
Bacterial Calcite Neoformation, Discovered 
within Suspended Matter in the Loire River 
Estuary, 

W89-01512 2L 


Ecological Effects of In Situ Sediment Contami- 


nants. 
W89-01714 5c 


SU-63 





Sediments as a Source for Contaminants, 
W89-01716 5B 


Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 
ganisms, 

W89-01724 SA 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


Methods for Recovering Viruses from Shellfish, 
Seawater, and Sediments, 
W89-02116 5A 


SEEPAGE CONTROL 
Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 


Subsurface Pollution Containment Using a Com- 
posite System Vertical Cutoff Barrier, 
W89-01614 5G 


Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 

W89-01616 5G 


Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 

W89-01629 5G 


SELECTIVE WITHDRAWAL 
Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 


Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 

W89-01759 2H 


SEMIARID LANDS 
Evaporation in Arid and Semi-Arid Regions, 
W89-02228 2D 


Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 

W89-02229 7B 


Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 

W89-02235 2F 


SU-64 


Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


SEPARATION TECHNIQUES 
Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


SEPTIC TANKS 
Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 
W89-02205 5B 


SEQUENCING BATCH REACTORS 
Start-Up and Operation Results from SBR 
Treatment of a Meat Processing Wastewater, 
W89-02053 5 


SESTON 
Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4C 


SETTLEABLE SOLIDS 
Solids Settling Variability in Activated Sludge 
Secondary Clarifiers: Effect on Operation and 
Capacity, 
W89-02061 5D 
SETTLING PONDS 
Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


SEWER SYSTEMS 
Wastewater Collection, 
W89-01468 5D 


SHEAR 
Shear Waves and Unsteady Selective Withdraw- 


al, 
W89-01420 2H 


SHEAR WAVES 
Shear Waves and Unsteady Selective Withdraw- 


al, 
W89-01420 2H 


SHELLFISH 
Methods for Recovering Viruses from Shellfish, 
Seawater, and Sediments, 
W89-02116 5A 


SHRIMP 
Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 5C 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 

W89-01905 5c 


SILT 
Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 
W89-01751 2J 
SILTING 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 4c 


SIMILARITY INDEX 
Evaluation of the Use of Community Similarity 
Techniques as Applied to Phytoplankton Com- 
munities, 
W89-01784 2H 


SIMULATION 
Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


Comprehensive Method of Characteristics 
Models for Flow Simulation, 
W89-01417 2E 


SIMULATION ANALYSIS 
Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


Simulating Trout Feeding Stations in Instream 
Flow Models, 
W89-01741 2H 


Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 5C 


SITE SELECTION 
Mechanical Integrity of Class 1 Injection Wells, 
W89-01567 5E 


Site Suitability for Waste Injection, Vickery, 
Ohio, 
W89-01580 5E 


Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 

W89-01585 5E 


Industrial Siting in a Developing Country the 
Case of Argentina - Its Context - the Environ- 
mental Dimension, Hazardous Waste and Large 
Lakes, 

W89-02184 6G 


Well 
Safety, 
W89-02215 8A 


Construction: Drilling, Location and 


SLOPE DEGRADATION 
Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 


SLOPE PROTECTION 
Biotechnical Slope Protection and Erosion Con- 
trol, 
W89-01811 4D 


SLUDGE 
Variation in Properties of Sewage Sludge, 
W89-01302 5D 


Land Farming of Reserve Pit Fluids and 
Sludges: Fates of Selected Contaminants, 
W89-01460 5B 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


App’ h to S 
Potential Tests, 
W89-01946 5C 





ge Sludge Bioaccumulation 


Improving Stability of a Paper Mill Sludge, 
W89-02021 5D 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 








Chemical Speciation of Heavy Metals in Sewage 
Sludge and Related Matrices, 
W89-02102 5B 


Physical and Electrochemical Speciation, 
W89-02103 5A 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume II: Treatment and Dis- 


posal. 
W89-02104 SE 


Recovering Viruses from Sewage Sludges and 
from Solids in Water, 
W89-02113 5A 


Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 

W89-02283 5D 


SLUDGE DIGESTION 
Effects of Environmental Factors on Acid-Phase 
Digestion of Sewage Sludge, 
W89-02076 5D 


Sludge Treatment, 
W89-02107 5D 


SLUDGE DISPOSAL 
Sludge Treatment, Utilization, and Disposal, 
W89-01474 5D 


Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 5A 


Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 

W89-01650 5A 


Scope of the Problem, 
W89-02098 5C 


Sludge Disposal to Land, 
W89-02109 5E 


Sludge Disposal to Sea, 
W89-02110 SE 


SLUDGE DRYING 
Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
W89-02050 5D 


SLUDGE UTILIZATION 
Marketing Sludge Compost in Japan, 
W89-01294 SE 


Sludge Treatment, Utilization, and Disposal, 
W89-01474 5D 


SLUDGES 
Biodegradation of Oilfield Production Pit 
Sludges, 
W89-02025 5D 


SLURRIES 
Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 

W89-01618 8F 


Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


SLURRY WALLS 
Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 


Subsurface Pollution Containment Using a Com- 
posite System Vertical Cutoff Barrier, 
W89-01614 5G 


Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 

W89-01616 5G 


Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 

W89-01618 8F 


Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


SNOWMELT 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


SOCIAL ASPECTS 
Perceptions, Paradigms and Ethics: A Perspec- 
tive on the Social Context of Environmental 
Issues, 
W89-01728 6G 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 

W89-01803 6G 


Historic Role of a Large Lake in Japan - The 
Case of Lake Biwa, 
W89-02178 6G 


SOCIAL IMPACT 
Social and Human Relevance of In Situ Sedi- 
ments, 
W89-01726 6G 


Assessment of Socio-Economic Ramifications, 
W89-01727 6B 


SOIL 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 
W89-01328 5B 


Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 
als, 

W89-01672 2F 


SOIL BACTERIA 
Biotransformation, 
W89-01868 5B 


SOIL CHEMISTRY 
Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4c 


Biotransformation, 
W89-01868 5B 


Nonbiological Transformation, 
W89-01869 


SOIL CONTAMINATION 


SOIL COLUMNS 
Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


SOIL COMPACTION 
Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


SOIL CONSERVATION 
Perspective on Soil and Water Conservation and 
Agriculturally Related Groundwater Contami- 
nation, 
W89-02198 4C 


SOIL CONTAMINATION 

Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


Land Farming of Reserve Pit Fluids and 
Sludges: Fates of Selected Contaminants, 
W89-01460 5B 


Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 

W89-01548 SA 


Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 SA 


Multi Depth Soil Gas Analyses, 
W89-01550 SA 


Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 

W89-01551 SA 


Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 

W89-01552 5A 


Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 

W89-01562 5B 


Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Persistence of Biologically Active Compounds 
in Soil, 
W89-01778 5B 


Forest Soils and Acid Deposition: An Overview 
and Synthesis, 
W89-01818 5B 


Vadose Zone Modeling of Organic Pollutants. 
W89-01859 5B 


Volatilization from Soil, 
W89-01866 5B 


Adsorption of Organic Chemicals onto Soil, 
W89-01867 5B 


Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


Recovering Viruses from Soils and Aquatic 
Sediments, 
W89-02115 SA 


Biotechnology for the Treatment of Hazardous 


Waste Contaminated Soils and Residues, 
W89-02285 5G 


SU-65 





SOIL CONTAMINATION 


Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


SOIL DISPOSAL FIELDS 
Design and Performance of a Large Disposal 
Field (Conception et performance d’un champ 
d’epandage de grandes dimensions), 
W89-01338 SE 


SOIL ENVIRONMENT 
Soil Arthropods and Their Role in Decomposi- 
tion and Mineralization Processes, 
W89-01702 2G 


SOIL EROSION 
Water Erosion in the Dryland Cropping Regions 
of Australia. 4. Land and Land Use Data for a 
Relative Assessment of Potential Soil Movement 
in Victoria, 
W89-01804 2J 


SOIL GASES 
Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 
W89-01551 5A 


Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 

W89-01552 5A 


Influence of Pore Air/Water Exchange on the 
Diffusion of Volatile Organic Vapors in Soil, 
W89-01560 5B 


SOIL GENESIS 
Weathering and Soil-Forming Processes, 
W89-01697 2J 


SOIL LOSS 
Forest Access Roads: Design, Maintenance, and 
Soil Loss, 
W89-01707 4C 


SOIL MECHANICS 
Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


Effect of Pore Fluid pH on the Dynamic Shear 
Modulus of Clay, 
W89-01647 8D 


Spatial Variability of Soil Properties, 
W89-01870 2G 


SOIL MOISTURE METERS 
Soil Moisture Monitoring and Sampling Probe 
for Underground Storage Tanks and Surface 
Impoundments, 
W89-01654 SA 


SOIL ORGANIC MATTER 
Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 
W89-01330 5B 


SOIL PHYSICS 
Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


SOIL POROSITY 
Effect of Pore Fluid pH on the Dynamic Shear 
Modulus of Clay, 
W89-01647 8D 


SOIL PROPERTIES 
Hydraulic Barriers in Soil and Rock. 
W89-01612 8D 


Effect of Pore Fluid pH on the Dynamic Shear 


Modulus of Clay, 
W89-01647 8D 


SU-66 


SUBJECT INDEX 


Spatial Variability of Soil Properties, 
W89-01870 2G 


Software for Teaching Principles of Chemical 
Movement in Soil, 
W89-02208 5B 


SOIL SEALANTS 
Permeability Testing on Clayey Soil and Silty 
Sand-Bentonite Mixture Using Acid Liquor, 
W89-01622 


SOIL TEMPERATURE 
Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 


SOIL TOXICITY 
Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 
tive Testing: Experience with a Soil Toxicity 
Bioassay, 
W89-01923 SA 


SOIL TYPES 
Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 
W89-02082 5B 


SOIL VAPOR 
Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 
W89-01675 5A 


SOIL WATER 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour !’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de l’Eau), 
W89-01339 2G 


Soil Moisture Monitoring and Sampling Probe 
for Underground Storage Tanks and Surface 
Impoundments, 

W89-01654 5A 


Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


Changes in Soil Nitrogen Pools and Transforma- 


tions Following Forest Clearcutting, 
W89-01701 4C 


Vadose Zone Modeling of Organic Pollutants. 
W89-01859 5 


Overview of Terrestrial Processes and Model- 


ing, 
W89-01860 5B 


Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 
W89-01861 5B 


Example Field Testing of Soil Fate and Trans- 
port Model, PRZM, Dougherty Plain, Georgia, 
W89-01863 5B 


Chemical Movement through Soil, 
W89-01865 5B 


Nonbiological Transformation, 
W89-01869 5B 


Spatial Variability of Soil Properties, 
W89-01870 2G 


Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 

W89-02229 7B 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


Nodal Domain Integration Model of Two-Di- 
mensional Heat and Soil-Water Flow Coupled 
by Soil-Water Phase Change, 

W89-02265 2G 


Tracking Two-Dimensional Freezing Front 
Movement Using the Complex Variable Bounda- 
ry Element Method, 

W89-02266 2G 


SOIL-WATER-PLANT RELATIONSHIPS 
Research on Interception Losses and Soil Mois- 
ture Relationships, 

W89-01700 2A 


SOILS 
Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


SOLAR PONDS 
Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


SOLE-SOURCE AQUIFERS 
Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 
W89-01670 5B 


SOLID WASTE DISPOSAL 
Effects of Commercial Landfill Bans on Waste 
Minimization Strategies and Treatment Perform- 
ance Standards, 
W89-01341 SE 


SOLID WASTES 
Solid and Hazardous Wastes and Water Quality, 
W89-01494 5G 


Results of an Interlaboratory Study of a Column 
Method for Leaching Solid Wastes, 
W89-01657 5B 


Disposal Activities as a Source of Contaminants 
to Large Lakes, 
W89-02160 5B 


SOLUTE TRANSPORT 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour |’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de l’Eau), 
W89-01339 2G 


Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 

W89-01360 5B 


Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 

W89-01402 5B 


Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Finite Element Characteristic Advection Model, 
W89-01418 5B 


Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 








Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 

W89-01556 5B 


Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 

W89-01664 5B 


Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 
als, 

W89-01672 2F 


Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 
W89-01861 5B 


Chemical Movement through Soil, 
W89-01865 5B 


Losses and Transport of Nitrogen from Soils, 
W89-02201 5B 


Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


Simulations of Water and Solute Movement in 
the Buried Waste Repository at Vaalputs, 
W89-02264 5B 


SORGHUM 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


SORPTION 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 
W89-01328 5B 


Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 
W89-02082 5B 


SORPTION ISOTHERMS 
Correlation of Compound Properties With Bio- 
sorption of Organic Compounds, 
W89-01325 5D 


SOURIS RIVER 
Lake Darling Spillway, Souris River, North 
Dakota: Hydraulic Model Investigation, 
W89-01769 8A 


SOUTH AFRICA 
Quantitative Estimation of Ground-Water Re- 
charge in Dolomite, 
W89-02252 2F 


Simulations of Water and Solute Movement in 
the Buried Waste Repository at Vaalputs, 
W89-02264 5B 


SUBJECT INDEX 


SOUTHWEST MICHIGAN GROUNDWATER 

SURVEY AND MONITORING PROGRAM 
County Leadership for Groundwater Concerns, 
W89-02218 6E 


SPAIN 
Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


SPATIAL DISTRIBUTION 
Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


SPATIAL VARIATION 
Spatial Variability of Soil Properties, 
W89-01870 2G 


SPAWNING 
Microhabitat Use by the Bigmouth Chub Noco- 
mis platyrhynchus in the New River, West Vir- 
ginia, 
W89-01333 2H 


Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 

W89-01751 2J 


Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 

W89-01775 2H 


SPAWNING CHANNELS 
Fish Passage, Control Devices and Spawning 
Channels, 
W89-01883 81 


SPECIATION 
Chemical Speciation of Heavy Metals in Sewage 
Sludge and Related Matrices, 
W89-02102 5B 


Physical and Electrochemical Speciation, 
W89-02103 5A 


SPECIES COMPOSITION 
Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 

W89-01607 7c 


Evaluation of the Use of Community Similarity 
Techniques as Applied to Phytoplankton Com- 
munities, 

W89-01784 2H 


SPECTROPHOTOMETRY 
Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 
W89-01650 SA 


SPECTROSCOPY 
Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 
W89-01650 5A 


SPILLS 
Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 


STANDARDS 


Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 _ 5F 


SPILLWAYS 
Lake Darling Spillway, Souris River, North 
Dakota: Hydraulic Model Investigation, 
W89-01769 8A 


SPOIL DISPOSAL 
Procedure for Managing Contaminated Dredged 
Material, 
W89-01358 5G 


Managing Contaminated Dredged Material: Ap- 
plication, 
W89-01359 5G 


SPRINGS 
Interpretation of Well and Field Data in a Heter- 
ogeneous Layered Aquifer Setting, Appalachian 
Plateau, 
W89-01405 2F 


ST. CLAIR RIVER 
St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


STABILIZATION 
Stabilization of a Thermally Sensitive Nitro- 
Compound Waste, 
W89-02014 SE 


Improving Stability of a Paper Mill Sludge, 
W89-02021 5D 


STANDARD METHODS 
Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 SA 


Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 

W89-01790 5A 


STANDARDS 
Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 
W89-01295 7B 


Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 

W89-01296 SA 


Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 7A 


Practices for Sampling Solid Wastes from Point 
Discharges and Impoundments, 
W89-01655 TA 


ASTM Standard Leach Test D3986: A History, 
W89-01656 5A 


Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


ASTM Standards on Materials and Environmen- 
tal Microbiology. 
W89-01826 2H 


Validation of Collaborative Testing Guidelines, 
W89-01917 SA 


Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 


SU-67 





STANDARDS 


tive Testing: Experience with a Soil Toxicity 
Bioassay, 
W89-01923 5A 


Are the ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses’ Based on Sound 
Judgments, 

W89-01962 5G 


How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 5G 


Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 

W89-01966 5G 


Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 

W89-01967 5G 


Development of Treatment Alternatives 
Through an Understanding of Waste Chemistry, 
W89-02036 5D 


Wisconsin Groundwater Quality Standards: Can 
Wastewater Land Treatment Systems Meet 
Them, 

W89-02080 6E 


Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


Drinking Water Standards: Their Derivation 
and Meaning, 
W89-02210 5G 


STAPHYLOCOCCUS 
New Selective Agar Medium for Recovery of 
Staphylococcus aureus in Waters (Utilisation 
d’un nouveau milieu de culture selectif pour 
Yisolement de Staphylococcus aureus dans dif- 
ferents types d’eau), 
W89-01310 SA 


STATE JURISDICTION 
Administration of the Fish Contaminant Pro- 
gram in a Decentralized State Agency, 
W89-02150 6E 


Federal and State Assistance for Action, 
W89-02221 6E 


STATISTICAL ANALYSIS 
Objective Rainfall Evaluation in Radar Hydrol- 
ogy, 
W89-01368 7c 


Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 

W89-01607 7C 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 5A 


STATISTICAL METHODS 
Spatial Correlation of Hydrologic Time Series, 
W89-01371 7C 


Three-Dimensional, Cross-Semivariogram Cal- 


culations for Hydrogeological Data, 
W89-01410 7C 


SU-68 


SUBJECT INDEX 


Metal Multivariate Relations in Ecological Seg- 
ments, 
W89-01441 5B 


Practical Methodology for Processing and Vali- 
dation of Water Quality Data, 
W89-01684 7B 


STATISTICAL STUDIES 
Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 
W89-01967 5G 


STEELHEAD TROUT 
Biological and Physical Inventory of the 
Streams within the Nez Perce Reservation: Ju- 
venile Steelhead Survey and Factors that Affect 
Abundance in Selected Streams in the Lower 
Clearwater River Basin, Idaho, 
W89-01776 2H 


STILLING BASINS 
Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 
W89-01767 8B 


STONEFLIES 
Stoneflies and River Regulation - A Review, 
W89-01744 2H 


STORAGE TANKS 
Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 
W89-01533 6E 


Soil Moisture Monitoring and Sampling Probe 
for Underground Storage Tanks and Surface 
Impoundments, 

W89-01654 SA 


STORM DRAINS 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 2J 


STORM RUNOFF 
Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


Urban Runoff and Combined Sewer Overflow, 
W89-01481 5B 


STORMWATER DRAINAGE 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


STRATIFICATION 
Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 


STRATIGRAPHY 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 4C 


STREAM BIOATA 
Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de |’Allondon Genevoise), 
W89-01314 SC 


STREAM BIOTA 
Simulating Trout Feeding Stations in Instream 
Flow Models, 
W89-01741 2H 


Effects of Varying Flows in Man-Made Streams 
on Rainbow Trout (Salmo gairdneri Richardson) 
Fry, 

W89-01742 2H 


Development and Appiications of Macroinverte- 
brate Instream Flow Models for Regulated Flow 
Management, 

W89-01743 4A 


Stoneflies and River Regulation - A Review, 
W89-01744 2H 


Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 

W89-01751 2J 


Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 

W89-01756 2H 


STREAM CHEMISTRY 
Stream Chemistry Responses to Disturbance, 
W89-01709 


STREAM SEDIMENTS 
Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 
W89-01446 7B 


STREAMBEDS 
Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


STREAMFLOW 
Climatology and Hydrology, 
W89-01694 2A 


Streamflow Generation by Variable Source 
Area, 
W89-01699 2E 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4c 


Method for Treatment of Data from the In- 
stream Flow Incremental Methodology for In- 
stream Flow Determination, 

W89-01737 4C 


Critique of the Instream Flow Incremental 
Methodology and Observations on Flow Deter- 
mination in New Zealand, 

W89-01738 7C 


Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 
W89-01739 2E 


Assessment of Flushing Flow Recommendations 
in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


Effects of Varying Flows in Man-Made Streams 
on Rainbow Trout (Salmo gairdneri Richardson) 
Fry, 

W89-01742 2H 


Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 

W89-01751 2J 


Towards a Rational Assessment of Residual 
Flows Below Reservoirs, 
W89-01754 2E 


STREAMS 
Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 








Estimating the Net Flux of Nutrients Between a 
Salt Marsh and a Tidal Creek, 
W89-01423 2L 


Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 

W89-01446 7B 


In-stream Nitrification Rate Prediction, 
W89-01450 5B 


Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4c 


Regulated Streams: Advances in Ecology. 
W89-01736 2H 


Effects of Varying Flows in Man-Made Streams 
on Rainbow Trout (Salmo gairdneri Richardson) 


Fry, 
W89-01742 2H 


Predicting the Effects of a Possible Temperature 
Increase Due to Stream Regulation on the Eggs 
of Whitefish (Coregonus lav aretus) - A Labora- 
tory Approach, 

W89-01750 5C 


Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 

W89-01758 5G 


Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


Ecology of Regulated Streams: Past Accom- 
plishments and Directions for Future Research, 
W89-01764 6G 


Population and Guild Analysis for Interpretation 
of Heavy Metal Pollution in Streams, 
W89-01792 5C 


Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 

W89-01799 5C 


STRESS 
Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 
W89-01846 5D 


SUBLETHAL EFFECTS 
Trichloroethylene: Water Contamination and 
Health Risk Assessment, 
W89-01385 5B 


Effect of Endosulfan on Adenosine Triphospha- 
tase (ATPase) Activity in Liver, Kidney, and 
Muscles of Channa gachua, 

W89-01388 5C 


Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 

W89-01390 5C 


Sublethal Toxicity and Accumulation of Cadmi- 
um in Tilapia aurea, 
W89-01398 5C 


Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 

W89-01399 5B 


SUBSTRATES 
Substrate Associated Microbiota, 
W89-01505 5C 


SUDAN 
Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 5F 


SULFATES 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


Leachability of Soiidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


SULFIDES 
Toxicity of Sulfides to the Anaerobic Treatment 


W89-02077 5D 


SULFURIC ACID 
Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


SUPER ACT 
Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 
W89-01531 5G 


SUPERFUND 
Cost Allocation at Superfund Sites, 
W89-02009 5G 


SURFACE-GROUNDWATER RELATIONS 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


Rainfall - Runoff - Recharge Relationships in the 
Basement Rocks of Zimbabwe, 
W89-02245 2B 


Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


SURFACE RUNOFF 
Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 
W89-02206 5G 


SURFACE WATER 
Turbulence Modeling of Surface Water 
and Transport: Part I, 
W89-01412 


Turbulence Modeling of Surface Water 
and Transport: Part II, 
W89-01413 


Turbulence Modeling of Surface Water 
and Transport: Part III, 
W89-01414 


Turbulence Modeling of Surface Water 
and Transport: Part IV, 
W89-01415 


Turbulence Modeling of Surface Water 
and Transport: Part V, 
W89-01416 


Human Health Effects Assays, 
W89-01506 


SURFACTANTS 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 
W89-01328 5B 


Effects of Surface-Active Agents on the Salinity 
Tolerance of Water Hyacinth (Eichhornia cras- 
sipes), 

W89-01329 5D 


Effect of an Anionic Detergent on the Lipid 
Moieties of Various Cell Types in the Opercular 
Epidermis of Rita rita, 

W89-01392 5c 


Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 

W89-01796 5c 


SURVEYS 
Value of Coastal Wetlands for Recreation: An 
Application of Travel Cost and Contingent 
Valuation Methodologies, 
W89-01372 6B 


National Pesticides in Well Water Survey, 
W89-02213 5A 


SUSPENDED LOAD 
Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 
W89-01321 4C 


SUSPENDED SEDIMENT 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 2J 


SUSPENDED SEDIMENTS 
Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 2J 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 

W89-01956 7B 


SUSPENDED SOLIDS 
Suspended Solids Transport within Regulated 
Rivers Experiencing Periodic Reservoir Re- 
leases, 
W89-01752 2 


Recovering Viruses from Sewage Sludges and 
from Solids in Water, 
W89-02113 SA 


SWAMPS 
Long-Term Impacts of Agricultural Runoff in a 
Louisiana Swamp Forest, 
W89-01848 4c 


SWEDEN 
Experimental Procedures for Environmental 
Hazard Assessment, 
W89-02134 5A 


Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


SWITZERLAND 
Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de I’Allondon Genevoise), 
W89-01314 5C 


Transboundary Management of Lake Geneva, 
W89-02180 6E 


SU-69 





SYMPOSIA 


SYMPOSIA 
Regulated Streams: Advances in Ecology. 
W89-01736 


SYMPOSIUM 
Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwa- 
ter Ecosystems. 
W89-01599 7B 


Hydraulic Barriers in Soil and Rock. 
W89-01612 8D 


Forest Hydrology and Ecology at Coweeta. 
W89-01691 2A 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 sc 


SYNERGISTIC EFFECTS 
Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 
W89-01394 5C 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 3. Synergisms with other Sludge 
Bacteria, 

W89-01455 5D 


SYSTEMS ANALYSIS 
Systems Analysis, 
W89-01461 6A 


TACERS 
Review of Some of the Physical, Chemical and 
Isotopic Techniques Available for Estimating 
Groundwater Recharge, 
W89-02227 2F 


TAILWATER 
Classification of Tailwater Sites Receiving Re- 
sidual Flows from Upland Reservoirs in Great 
Britain, Using Macroinvertebrates Data, 
W89-01745 6G 


TANNERY WASTES 
Anaerobic Treatment of Tannery Wastewater, 
W89-02078 5D 


TEMPERATE ZONE 
Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 
W89-02273 5D 


TEMPERATURE EFFECTS 
Thermal Effects, 
W89-01500 > 


TENNESSEE 
Subsurface Disposal of Liquid Low-Level Ra- 
dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 SE 


TENNESSEE VALLEY AUTHORITY 
Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 


TER RIVER 
Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


TEST WELLS 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


Determination of a Realistic Estimate of the 
Actual Formation Product Thickness Using 
Monitor Wells: A Field Bailout Test, 

W89-01544 5B 


SU-70 


SUBJECT INDEX 


Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 

W89-01545 1A 


Ground Water Monitoring Experience at a Re- 
finery Land Treatment Unit, 
W89-01546 TA 


TESTING PROCEDURES 
Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


Integrity Testing of Class I Hazardous Injection 
Wells: Related Experience in the Great Lakes 
Region, 

W89-01574 SE 


Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 

W89-01623 8D 


Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. 
W89-01634 7B 


ASTM Standard Leach Test D3986: A History, 
W89-01656 SA 


Results of an Interlaboratory Study of a Column 
Method for Leaching Solid Wastes, 
W89-01657 5B 


Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


Evaluation of Paint Filter Test Method to De- 
termine Free Liquid in Waste Samples, 
W89-01659 SE 


Community Toxicity Testing. 
W89-01783 sc 


TEXAS 
Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


TEXTILE INDUSTRY 
Textile Wastes, 
W89-01487 5D 


TEXTILE MILL WASTES 
Impact of Mosul Textile Factory Effluents on 
Tigris River Water Quality, 
W89-01326 5B 


THAILAND 
Disease Hazards of Irrigation Schemes, 
W89-01379 6G 


THEORETICAL ANALYSIS 
Phenomenological Perspective of Ecological 
Development, 
W89-01898 3 


THERMAL POLLUTION 
Thermal Effects, 
W89-01500 a 


Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 

W89-01747 6G 


Predicting the Effects of a Possible Temperature 
Increase Due to Stream Regulation on the Eggs 
of Whitefish (Coregonus lav aretus) - A Labora- 
tory Approach, 

W89-01750 5C 


Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 

W89-01799 5C 


THERMAL POWERPLANTS 
Representing Hydropower in Hydrothermal 
Power System, 
W89-01366 6D 


THERMAL SPRINGS 
Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


THERMAL TREATMENT 
Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


THERMAL WATER 
Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 5C 


THERMAL WATERS 
Tracer Investigations in Geothermal Systems, 
W89-01989 2F 


THIOCYANATE 
Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 
W89-02283 5D 


THROUGHFALL 
Gas Exchange Between Forest and Atmosphere, 
W89-01817 5B 


TIDAL EFFECTS 
Interpretation of Tidally Affected Ground- 
Water Flow Systems in Pollution Studies, 
W89-01535 5B 


TIGRIS RIVER 
Impact of Mosul Textile Factory Effluents on 
Tigris River Water Quality, 
W89-01326 5B 


TILAPIA 
Sublethal Toxicity and Accumulation of Cadmi- 
um in Tilapia aurea, 
W89-01398 5C 


TIME SERIES ANALYSIS 
Spatial Correlation of Hydrologic Time Series, 
W89-01371 71C 


TISSUE ANALYSIS 
Intercalibration of Analytical Methods on 
Marine Environmental Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/OC). 
W89-01780 5A 


Intercalibration of Analytical ethods on Marine 
Environmental Samples: Results of MEDPOL II 
Exercise for the Intercomparison of Trace Ele- 
ment Measurements on Mussel Tissue Homog- 
enate and Marine Sediment (MA-M-2/TM and 
SD-N-1/2/TM). 

W89-01813 5A 


TOLUENE 
Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene, 
W89-01290 5D 


TOMOGRAPHY 
Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 
W89-01678 2F 


Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 








XAPHENE 
Toxaphene: Usage, Aerial Transport and Depo- 
sition, 
W89-02133 5B 


TOXIC SUBSTANCES CONTROL ACT 
Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 

W89-01906 5C 


TOXIC WASTES 
Sediments and Pollution in the Northern Adriat- 
ic Sea, 
W89-01308 5B 


Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 

W89-01440 5B 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


Development of Treatment Alternatives 
Through an Understanding of Waste Chemistry, 
W89-02036 5D 


Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 

W89-02040 SE 


Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


Scope of the Problem, 
W89-02098 5C 


Risk Assessment/Risk Management as a Toxic 
Control Strategy, 
W89-02167 6A 


International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


International Conference on Innovative Biologi- 
cal Treatment of Toxic Wastewaters. 
W89-02267 5D 


Biological Treatment of Toxics in Wastewater: 
The Problems and Opportunities, 
W89-02268 5D 


Hazardous Waste 
Treatment, 


W89-02269 5D 


Management: Biological 


Toxicity Assays and Molecular Structure Toxic- 
ity, 
W89-02270 5D 


Competitive Kinetic Model of Suspended- 
Growth Inhibited Biological Systems, 
W89-02271 5D 


Toxicity of Nickel in Methane Fermentation 
Systems: Fate and Effect on Process Kinetics, 
W89-02272 5D 


Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 

W89-02273 5D 


Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


Effect of Inorganic Cations on Biological Fixed- 
Film Systems, 
W89-02275 sD 


Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 

W89-02277 5D 


Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


Technique to Determine Inhibition in the Acti- 
vated Sludge Process Using a Fed-Batch Reac- 
tor, 

W89-02279 5D 


Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 

W89-02280 5D 


SBR Treatment of Hazardous Wastewater - 
Full-Scale Results, 
W89-02281 5D 


Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 

W89-02282 5D 


Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 

W89-02283 5D 


High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


Biological Degradation of Polychlorinated Bi- 
phenyls, 
'W89-02286 5G 


TOXICITY 


Effects of Oil Refinery Effluents on Selenastrum 
capricornutum Printz, 
W89-01272 5C 


Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 

W89-01297 5A 


Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 

W89-01299 5c 


Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 

W89-01300 5c 


Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 SB 


Trichloroethylene: Water Contamination and 
Health Risk Assessment, 
W89-01385 5B 


Bioaccumulation Behavior of Persistent Organic 
Chemicals with Aquatic Organisms, 
W89-01386 5B 


TOXICITY 


In vitro Effect of Mercury and Cadmium on 
Brain Ca(++)-ATPase of the Catfish Ictalurus 
punctatus, 

W89-01389 5c 


Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 

W89-01390 5c 


Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 sc 


Acute Toxicity of Cyanogen Chloride to Daph- 
nia magna, 
W89-01393 5C 


Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 

W89-01394 5C 


Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 


Changes in Food (Chlorella) Levels and the 
Acute Toxicity of Cadmium to Daphnia carinata 
(Daphnidae) and Echinisca triserialis (Marcoth- 
ricidae) (Crustacea: Cladocera), 

W89-01397 5C 


Sublethal Toxicity and Accumulation of Cadmi- 
um in Tilapia aurea, 
W89-01398 sx 


Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 

W89-01440 5B 


Effects of Chemicals on Microorganisms, 
W89-01507 


Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 

W89-01600 TA 


Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 5A 


Biological Processes Involved in the Cycling of 
Elements Between Soil or Sediments and the 
Aqueous Environment, 

W89-01717 5B 


Interactions Between Sediment Contaminants 
and Benthic Organisms, 
W89-01719 5B 


Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


Phytoplankton Bioassays for Evaluating Toxici- 
ty of In Situ Sediment Contaminants, 
W89-01723 5c 


Community Toxicity Testing. 
W89-01783 5c 


Some Methods for Measuring Effects of Toxi- 
cants on Laboratory- and Field-Colonized Estu- 
W89-01785 sc 
Sea Urchin: Bioassay for the Assessment of 


Damage from Environmental Contaminants, 
W89-01787 


Preliminary Results of Interlaboratory Testing 


of a Standardized Aquatic Microcosm, 
W89-01788 5A 


su-71 





TOXICITY 


Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 

W89-01790 5A 


Population and Guild Analysis for Interpretation 
of Heavy Metal Pollution in Streams, 
W89-01792 5c 


Aquatic Toxicology and Environmental Fate: 
Ninth Volume. 
W89-01892 5B 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed io Fenthion, 

W89-01905 5C 


Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 

W89-01927 SA 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 SA 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 SA 


Study of the Reliability of Daphnia Acute Tox- 
icity Tests, 
W89-01935 SA 


Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 
W89-01936 SA 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 


Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 SA 


Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 SA 


Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 5G 


Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 5D 


Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 

W89-02040 SE 


Toxicity of Sulfides to the Anaerobic Treatment 
Process, 
W89-02077 5D 


Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


$U-72 


SUBJECT INDEX 


Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


Scope of the Problem, 
W89-02098 5C 


Toxic Contamination in Large Lakes. Volume I: 
Chronic Effects of Toxic Contamimants in 
Large Lakes. 

W89-02121 5C 


Ecosystem Surprise: Toxic Chemical Exposure 
and Effects in the Great Lakes, 
W89-02123 5c 


Toxic Contaminants and Benthic Organisms in 
the Great Lakes: Cycling, Fate and Effects, 
W89-02128 5B 


Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 

W89-02129 SA 


Human Exposure Routes to Persistent Toxic 
Chemicals in the Great Lakes Basin: A Case 
Study, 

W89-02130 5B 


Perspectives on the Influence of Toxic Sub- 
stances on Fishery Productivity, 
W89-02147 5C 


Predicting, Validating and Monitoring Effects of 
Toxics on Large Lake Ecosystems, 
W89-02153 5C 


Contributions of Urban Activities to Toxic Con- 
tamination of Large Lakes, 
W89-02157 5B 


Toxicology Testing as a Control Strategy, 
W89-02164 


Health Implications of Groundwater Contami- 
nants, 
W89-02211 x 


Toxicity Assays and Molecular Structure Toxic- 
ity, 

W89-02270 5D 
Toxicity of Nickel in Methane Fermentation 


Systems: Fate and Effect on Process Kinetics, 
W89-02272 5D 


TOXICOLGY 


Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 

W89-01921 5C 


TOXICOLOGY 


Aquatic Toxicology and Environmental Fate: 
Ninth Volume. 
W89-01892 5B 


Toward a Meaningful Interaction Between 
Ecology and Aquatic Toxicology, 
W89-01894 sc 


Design Criteria for a Predictive Ecological Ef- 
fects Modeling System, 
W89-01896 p 


Resource Competition Modeling of the Impacts 
of Xenobiotics on Biological Communities, 
W89-01897 5C 


Phenomenological Perspective of Ecological 
Development, 
W89-01898 5C 


Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5C 


Protecting Aquatic Resources: An Ecologist’s 
Perspective, 
W89-01900 5G 


Can Biological Monitoring Early Warning Sys- 
tems be Useful in Detecting Toxic Materials in 
Water, 

W89-01901 5A 


Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 5C 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 

W89-01905 5C 


Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 

W89-01909 5C 


Metabolism of Benzo(a)pyrene by a Mixed 
Function of Oxygenase System in Blue Crabs, 
Callinectes sapidus, 

W89-01910 5C 


Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
W89-01911 5C 


Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 

W89-01912 5C 


Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 SA 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 5B 


Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


Validation of Collaborative Testing Guidelines, 
W89-01917 SA 


Why Round-Robin Testing with Zooplankton 
Often Fails to Provide Acceptable Results, 
W89-01918 5A 


Factors Affecting the Culture of Daphnia 
magna, 
W89-01919 SA 


Effect of Diet on Copper Toxicity to Neanthes 
arenaceodentata (Annelida: Polychaeta), 
W89-01920 5C 


Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 SA 


Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 
tive Testing: Experience with a Soil Toxicity 
Bioassay, 

W89-01923 5A 


Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 

W89-01924 5C 








Effect of Natural Water Source on the Toxicity 
of Chemicals to Aquatic Microorganisms, 
W89-01925 5A 


Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 

W89-01926 5C 


Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 

W89-01927 5A 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 SA 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 5A 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 5C 


Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 

W89-01931 5A 


Cyanophage Assay as a New Concept in the 
Study of Environmental Toxicity, 
W89-01932 SA 


Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 5A 


Effect of Diet on the Sensitivity of Daphnia 
magna to Linear Alkylbenzene Sulfonate, 
W89-01934 SA 


Study of the Reliability of Daphnia Acute Tox- 
icity Tests, 
W89-01935 5A 


Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 
W89-01936 SA 


New Aquatic Bioassay Technique Using Wyeo- 
myia smithii, the Pitcher-Plant Mosquito, 
W89-01937 SA 


Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 5A 


Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 

W89-01939 3G 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5C 


Use of Biochemical Measurements to Detect 
Pollutant-Mediated Damage to Fish, 
W89-01941 5C 


Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 

W89-01943 5A 


Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 SA 


SUBJECT INDEX 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 SA 


Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 5A 


Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 SA 


Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 

W89-01951 TA 


Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 

W89-01952 5C 


Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 


ity, 
W89-01953 5B 


Implications of Waste Disposal in Coastal 
Waters on Fish Populations, 
W89-01954 5C 


Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 5C 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 

W89-01956 7B 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


Effect of Physicochemical Form on Copper 
Availability to Aquatic Organisms, 
W89-01959 5B 


Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


Are the ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses’ Based on Sound 
Judgments, 

W89-01962 5G 


How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


TRACERS 


Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 5G 


Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 

W89-01966 5G 


Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 

W89-01967 5G 


Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 

W89-02129 5A 


Effects of Contaminants Loadings on Fisheries 
Yields from Large Lakes, 
W89-02145 p 


Toxicology Testing as a Control Strategy, 
W89-02 164 5G 


Toxicity Assays and Molecular Structure Toxic- 
ity, 
W89-02270 5D 


TOXINS 
Evaluation of Direct Microscopical Counts and 
Endotoxin Measurements as Alternatives for 
Total Plate Counts, 
W89-01458 5A 


TRACE METALS 
Trace Metals in the Atmosphere, Forest Floor, 
Soil, and Vegetation, 
W89-01711 5C 


Partitioning of Trace Metals in Sediments: Rela- 
tionships with Bioavailability, 
W89-01718 5B 


TRACERS 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ging, 

W89-01404 2F 
Natural-Gradient Tracer Study of Dissolved 
Benzene, Toluene and Xylenes in Ground 
Water, 

W89-01676 5B 


Modern Trends in Tracer Hydrology. Volume I. 
W89-01981 2F 


Hydrological Tracers, 
W89-01982 7B 


Behavior of Artificial Tracers, 
W89-01983 7B 


Tracer Methodology in Hydrology, 
W89-01984 2A 


Modern Trends in Tracer Hydrology. Volume 
W89-01986 2F 


Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


Flowthrough Hydrokarstic Structures, 
W89-01988 2F 


Tracer Investigations in Geothermal Systems, 
W89-01989 2F 





TRACERS 


Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 

W89-02235 2F 


Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 

W89-02236 2F 


Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 

W89-02238 2F 


Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 

W89-02247 2F 


Quantitative Estimation of Ground-Water Re- 
charge in the Pretoria-Rietondale Area, 
W89-02253 2F 


TRANSBOUNDARY POLLUTION 
International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


TRAPPING 
Control of Nuisance Populations of Crayfish 
with Traps and Toxicants, 
W89-01345 81 


TREATIES 
Transboundary Management of Large Lakes: 
Experience with the Great Lakes of North 
America, 
W89-02179 6E 


TREE RINGS 
Feasability Study on the Retrospective Evalua- 
tion of Anomalous Local Tritium Fallout by the 
Analysis of Tree Rings from Selected Districts 
in Austria and Hungary, 
W89-02263 5B 


TRIAZINE PESTICIDES 
Triazine Herbicides, 
W89-01980 5A 


TRICHLOROETHANE 
Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 
W89-02082 5B 


TRICHLOROETHYLENE 
Trichloroethylene: Water Contamination and 
Health Risk Assessment, 
W89-01385 5B 


TRIFLUOROMETHYL NITROPHENOL 
Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 
W89-01795 5A 


TRITIUM 
Environmental 
Report, 
W89-01779 5B 


Monitoring at Mound: 1986 


SU-74 


SUBJECT INDEX 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 

W89-02235 2F 


Feasability Study on the Retrospective Evalua- 
tion of Anomalous Local Tritium Fallout by the 
Analysis of Tree Rings from Selected Districts 
in Austria and Hungary, 

W89-02263 5B 


TROPICAL REGIONS 

Influence of Tropical Environment Conditions 
on the Morphology and Chemical Composition 
of the Test of Foraminifera (Gen. Ammonia) 
(Influence des Environnements Intertropicaux 
sur la Morphologie et la Composition Geochimi- 
que de Tests de Foraminiferes (Genre Ammonia) 
du Senegal), 

W89-01357 2L 


Riverine and Other Tropical Lakes and Their 
Fisheries, 
W89-02143 2H 


TROUT 


Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 5B 


Method for Treatment of Data from the In- 
stream Flow Incremental Methodology for In- 
stream Flow Determination, 

W89-01737 4C 


Simulating Trout Feeding Stations in Instream 
Flow Models, 
W89-01741 2H 


Effects of Varying Flows in Man-Made Streams 
on Rainbow Trout (Salmo gairdneri Richardson) 
Fry, 

W89-01742 2H 


Hydropower Development of Salmon Rivers: 
Effect of Changes in Water Temperature on 
Growth of Brown Trout (Salmo trutta) Pres- 
molts, 

W89-01749 6G 


Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 

W89-01751 2J 


Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 

W89-01799 x 


Trout Hatcheries and Fish Stocking, 
W89-01884 81 


TUMORS 
Fish Tumors as Known Field Effects of Con- 
taminants, 
W89-02125 me 


TURBULENT FLOW 
Turbulence Modeling of Surface Water Flow 
and Transport: Part I, 
W89-01412 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part II, 
W89-01413 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part V, 
W89-01416 2E 


Modeling Turbulent Transport in Stratified Es- 
tuary, 
W89-01419 5B 


TURKEY 
Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


ULTRAVIOLET RADIATION 
Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 
W89-01443 5D 


UNDERGROUND STORAGE 
Underground Storage Systems: Leak Detection 
and Monitoring, 
W89-01765 5A 


Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 

W89-02205 5B 


UNDERGROUND WASTE DISPOSAL 
Earthquakes, Injection Wells, and the Perry Nu- 
clear Power Plant, Cleveland, Ohio, 

W89-01335 8E 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Status Report: The Use of Engineered Covers at 
Waste Disposal Sites, 
W89-01681 SE 


Evaluating the Effectiveness of an Asphalt Cap 
at a Superfund Site, 
W89-01682 SE 


Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 SE 


Deep-Well Disposal Formations, A Valuable 
Resource, 
W89-01689 SE 


Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


Simulations of Water and Solute Movement in 
the Buried Waste Repository at Vaalputs, 
W89-02264 5B 


UNITED NATIONS 
Recent Developments in the Law of the Sea 
1986, 
W89-01518 6E 


UNITED STATES 
Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


UNSATURATED FLOW 
Migration of Organic Fluids Immiscible with 
Water in the Unsaturated and Saturated Zones, 
W89-01665 5B 


UNSTEADY FLOW 
Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 





UPFLOW ANAEROBIC SLUDGE BLANKET 
High-Rate Anaerobic Waste Treatment - How 
High, 

W89-02075 5D 


URANIUM 
Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


URANIUM MINES 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 4C 


URBAN RUNOFF 
Urban Runoff and Combined Sewer Overflow, 
W89-01481 5B 


Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


Contributions of Urban Activities to Toxic Con- 
tamination of Large Lakes, 
W89-02157 5B 


URBANIZATION 
Urban Growth and Water Borne Diseases in 
Ibadan, 
W89-01433 5B 


UREA 
Substituted Urea Herbicides, 
W89-01979 5A 


VAALPUTS 
Simulations of Water and Solute Movement in 
the Buried Waste Repository at Vaalputs, 
W89-02264 5B 


VACUUM DRYING 
Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
W89-02050 5D 


VADOSE WATER 
Vadose Model of Gasoline Leak, 
W89-01561 5B 


Vadose Zone Modeling of Organic Pollutants. 
W89-01859 5B 


Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7C 


Chemical Movement through Soil, 
W89-01865 5B 


VALUE 
Value of Coastal Wetlands for Recreation: An 
Application of Travel Cost and Contingent 
Valuation Methodologies, 
W89-01372 6B 


VARIABILITY 
Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 
W89-02122 5B 


VEGETABLE CROPS 
Growing Vegetables with Little Water, 
W89-01774 


VEGETATION 
Vegetation in Wetlands Receiving Sewage Ef- 
fluent: The Importance of the Seed Bank, 
W89-01842 5D 


Strategies for Aquatic Vegetation Management, 
W89-02001 4A 


SUBJECT INDEX 


VIBRIO 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


VIRUS DETECTION 
‘Recovering Viruses from Sewage, Effluents, and 
Water, 
W89-02112 5A 


Recovering Viruses from Sewage Sludges and 
from Solids in Water, 
W89-02113 5A 


VIRUSES 
Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 5A 


Methods for Recovering Viruses from the Envi- 
ronment. 
W89-02111 5A 


Recovering Viruses from Aerosols, 
W89-02114 5A 


Methods for Recovering Viruses from Shellfish, 
Seawater, and Sediments, 
W89-02116 5A 


Reconcentration of Viruses from Primary 
Eluates, 
W89-02117 5A 


Mechanisms of Adsorption and Elution of Vi- 
ruses to Solids in the Natural Environment, 
W89-02118 5B 


Methods for Rapid Detection and Rapid Identi- 
fication of Viruses, 
W89-02119 5A 


Cell Cultures and Other Host Systems for De- 
tecting and Quantifying Viruses in the Environ- 
ment, 

W89-02120 5A 


VOLATILE ORGANIC COMPOUNDS 
Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 

W89-02028 5G 


VOLATILIZATION 
Volatilization from Soil, 
W89-01866 5B 


WABIGOON RIVER 
Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 
W89-01730 5G 


WADDELL DAM 
Waddell Dam, Maricopa County, Arizona: Pho- 
tographs; Written Historical and Descriptive 
Data, Reduced Copies of Drawings, 
W89-01805 8A 


WARNING SYSTEMS 

Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’lle de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’lle-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 SF 


WASHINGTON 
Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 
W89-01952 5c 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Wash- 
ington. 

W89-02003 7c 


WASTE DISPOSAL 


WASTE ANALYSIS 
Evaluation of Paint Filter Test Method to De- 
termine Free Liquid in Waste Samples, 
W89-01659 SE 


WASTE CHARACTERISTICS 
Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. 
W89-01634 7B 


Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 SA 


Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 

W89-01638 SA 


Complex Matrix in Environmental Chemistry 
for the Petrochemical Industry, 
W89-01649 5A 


Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 

W89-01650 5A 


Practices for Sampling Solid Wastes from Point 
Discharges and Impoundments, 
W89-01655 7A 


Evaluation of Paint Filter Test Method to De- 
termine Free Liquid in Waste Samples, 
W89-01659 SE 


Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 SE 


Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


WASTE DISPOSAL 
Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


Deeper Problems: Limits to Underground Injec- 
tion as a Hazardous Waste Disposal Method, 
W89-01565 SE 


Underground Injection: A Positive Advocate, 
W89-01566 SE 


Mechanical Integrity of Class 1 Injection Wells, 
W89-01567 SE 


Cementing to Achieve Zone Isolation, 
W89-01568 SE 


Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


Factors Effecting the Area of Review for Haz- 
ardous Waste Disposal Wells, 
W89-01572 SE 


Sixteen Successful Years: A History of Stauffer 
Chemical Company's Underground Injection at 
Bucks, Alabama, 

W89-01576 SE 





WASTE DISPOSAL 


Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 

W89-01577 5E 


Operation and Maintenance of Underground In- 
jection Wells, 
W89-01578 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


Site Suitability for Waste Injection, Vickery, 
Ohio, 
W89-01580 SE 


Remediation of Ground-Water Contamination 
Resulting from the Failure of a Class I Injection 
Well: A Case History, 

W89-01581 5G 


Subsurface Injection in Ontario, Canada, 
W89-01582 2F 


Hydrogeology of Sedimentary Basins as It Re- 
lates to Deep-Well Injection of Chemical 
Wastes, 

W89-01583 2F 


Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 

W89-01585 SE 


Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 

W89-01587 2F 


Focus on Research Needs, 
W89-01597 5E 


Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 

W89-01616 5G 


Hazardous and Industrial Solid Waste Testing 
and Disposal: Sixth Volume. 
W89-01634 7B 


Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 SA 


Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 

W89-01638 SA 


Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 

W89-01640 5B 


Use of Flexible Membrane Liners for Industrial 
and Hazardous Waste Disposal, 
W89-01645 5E 


Migration of Leachate Solution Through Clay 


Liner and Substrate, 
W89-01646 5B 


SU-76 


SUBJECT INDEX 


Waste Immobilization in Cement-based Grouts, 
W89-01651 SE 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 SE 


Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 

W89-01670 5B 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Status Report: The Use of Engineered Covers at 
Waste Disposal Sites, 
W89-01681 SE 


Evaluating the Effectiveness of an Asphalt Cap 
at a Superfund Site, 
W89-01682 SE 


Ground Water Contamination Associated with 
Waste Disposal into a Water-Filled Open-Pit 
Coal Mine, 

W89-01683 5B 


Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


Implications of Waste Disposal in Coastal 
Waters on Fish Populations, 
W89-01954 5C 


Proceedings of the 42nd Industrial Waste Con- 
ference. 
W89-02006 5D 


Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in Iowa, 
W89-02011 5B 


Stabilization of a Thermally Sensitive Nitro- 
Compound Waste, 
W89-02014 5E 


Improving Stability of a Paper Mill Sludge, 
W89-02021 


Development of Treatment Alternatives 
Through an Understanding of Waste Chemistry, 
W89-02036 5D 


Waste Reduction in Illinois: An Overview, 
W89-02037 5G 


Study and Implementation of Waste Minimiza- 
tion at IBM Austin, 
W89-02038 SE 


Geosynthetics for Use in Waste Facilities, 
W89-02043 5G 


Characterization of Treatment Residues from 
Hazardous Waste Treatment, Storage, and Dis- 
posal Facilities, 

W89-02045 5D 


Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


Spent Caustic Treatment and Disposal, 
W89-02047 5D 


Sludge Disposal to Sea, 
W89-02110 SE 


Disposal Activities as a Source of Contaminants 
to Large Lakes, 
W89-02160 5B 


Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 


Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 SE 


WASTE DUMPS 
How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 
W89-01668 5B 


Disposal Site Monitoring Data: Observations 
and Strategy Implications, 
W89-01669 5B 


Geophysical Survey to Investigate Contaminant 
Migration from a Waste Site, 
W89-01677 5B 


WASTE IMMOBILIZATION 


Waste Immobilization in Cement-based Grouts, 
W89-01651 SE 


WASTE MANAGEMENT 


Effects of Commercial Landfill Bans on Waste 
Minimization Strategies and Treatment Perform- 
ance Standards, 

W89-01341 SE 


Source Reduction Technical Assistance: A Pilot 
Project and its Implications for the Chemical 
Industry, 

W89-01343 5G 


Procedure for Managing Contaminated Dredged 
Material, 
W89-01358 5G 


Managing Contaminated Dredged Material: Ap- 
plication, 
W89-01359 5G 


Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 

W89-01595 SE 


Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 SE 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


Status Report: The Use of Engineered Covers at 
Waste Disposal Sites, 
W89-01681 SE 


Evaluating the Effectiveness of an Asphalt Cap 
at a Superfund Site, 
W89-01682 SE 


Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 

W89-01951 TA 


Waste Reduction in Illinois: An Overview, 
W89-02037 5G 


Study and Implementation of Waste Minimiza- 
tion at IBM Austin, 
W89-02038 SE 


Community Involvement: The Catalytic Factor 
in Waste Management, 
W89-02041 6E 





Waste: The Enigma of the 80's, 
W89-02156 6A 


Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 


Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 5E 


Risk Assessment/Risk Management as a Toxic 
Control Strategy, 
W89-02167 6A 


Model-Based Education Support Systems: Ap- 
plication to Large Lakes and Hazardous Waste 
Management, 

W89-02181 6A 


3P Program: An Effective Approach to Industri- 
al Pollution, 
W89-02183 6A 


Assessing Animal Waste Systems Impacts on 
Groundwater: Occurrences and Potential Prob- 
lems, 

W89-02203 5B 
Hazardous Waste 
Treatment, 
W89-02269 5D 


Management: Biological 


WASTE MINIMIZATION 
Study and Implementation of Waste Minimiza- 
tion at IBM Austin, 
W89-02038 SE 


WASTE RECOVERY 
Waste Reduction: Program, Practice and Prod- 
uct in Chemical Manufacturing, 
W89-01342 5G 


WASTE STABILIZATION 
Lagoons, Ponds, and Aerobic Digestion, 
W89-01472 5D 


WASTE TREATMENT 
Proceedings of the 42nd Industrial Waste Con- 
ference. 
W89-02006 5D 


Development of Treatment Alternatives 
Through an Understanding of Waste Chemistry, 
W89-02036 


Characterization of Treatment Residues from 
Hazardous Waste Treatment, Storage, and Dis- 
posal Facilities, 

W89-02045 5D 


Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 SE 


WASTES 
Hazardous Wastes in Ground Water: A Soluble 
Dilemma. 
W89-01661 2F 


WASTEWATER 
Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume I: Sources, Analysis, 
and Legislation. 
W89-02097 SA 


Sources of Heavy Metals in Wastewater, 
W89-02099 5B 


Determination of Heavy Metals in Wastewater 
Matrices, 
W89-02101 5A 


WASTEWATER AEROSOLS 
Recovering Viruses from Aerosols, 
W89-02114 


SUBJECT INDEX 


WASTEWATER ANALYSIS 
Inorganics, 
W89-01464 


Organics, 
W89-01465 SA 


Water Characteristics, 
W89-01466 5A 


Biotreatment Inhibition by Hazardous Com- 
pounds in an Integrated Oil Refinery, 
W89-02024 5D 


Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 


WASTEWATER COLLECTION 
Wastewater Collection, 
W89-01468 5D 


Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


WASTEWATER DISPOSAL 
On-site Alternatives for Treatment and Disposal, 
W89-01475 5D 


Land Application of Wastewater, 
W89-01479 5D 


Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


Urban Runoff and Combined Sewer Overflow, 
W89-01481 5B 


Proceedings of the International Symposium on 
Subsurface Injection of Liquid Wastes. 
W89-01564 5E 


Injection Zone Pressure Profile, 
W89-01588 SE 


Flow and Containment of Injected Wastes, 
W89-01589 SE 


Chemical Fate of Injected Wastes, 
W89-01590 5B 


Deep-Well Injection of Aqueous Hydrochloric 
Acid, 
W89-01591 SE 


Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 

W89-01592 SE 


Subsurface Disposal of Liquid Low-Level Ra- 
dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 SE 


Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 

W89-01594 SE 


Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 

W89-01595 SE 


Supercritical Deep Well 
Liquid Organic Wastes, 
W89-01596 5D 


Wet Oxidation of 


Wastewater Input to Coastal Wetlands: Manage- 
ment Concerns, 
W89-01835 5D 


Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


WASTEWATER FACILITIES 


Effect of Natural Hydroperiod Fluctuations on 
Freshwater Wetlands Receiving Added Nutri- 
ents, 

W89-01838 5D 


Terrestrial Communities: From Mesic to Hydric, 
W89-01841 SE 


Vegetation in Wetlands Receiving Sewage Ef- 
fluent: The Importance of the Seed Bank, 
W89-01842 5D 


Public Health Implications of Sewage Applica- 
tions on Wetlands: Microbiological Aspects, 
W89-01843 5c 


Wildlife Health Implications of Sewage Disposal 
in Wetlands, 
W89-01844 SE 


Microbiological Studies of Municipal Waste Re- 
lease to Aquatic Environments, 
W89-01845 5D 


Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 SC 


Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 5C 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 5A 


Water Reuse and Recycling in Industry, 
W89-02039 5D 


Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 

W89-02040 SE 


Irrigation of Pasture with Meat-Processing Plant 
Effluent, 
W89-02055 SE 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume II: Treatment and Dis- 


posal. 
W89-02104 SE 


Sludge Disposal to Land, 
W89-02109 SE 


WASTEWATER DISPOSAL POLLUTION 
Design and Performance of a Large Disposal 
Field (Conception et performance d’un champ 
d’epandage de grandes dimensions), 

W89-01338 SE 


WASTEWATER FACILITIES 
Recent Sewage Financing in Pennsylvania, 
W89-01292 


Treating Industrial Plant Wastewater: Meeting 
Today’s Compliance Challenges, 
W89-01400 5D 


Treatment Plant Management, Operation and 
Maintenance, 
W89-01477 5D 


Health Effects Associated with Wastewater 


Treatment, Disposal, and Reuse, 
W89-01480 5D 


SU-77 





WASTEWATER FACILITIES 


Operation of Extended Aeration Package Treat- 
ment Plants. 
W89-01820 5D 


Prime Movers Engines, Motors, Turbines, 
Pumps, Blowers and Generators. 
W89-01821 8C 


Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 

W89-02049 8F 


Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


Primer for Computerized Wastewater Applica- 
tions. 
W89-02258 5D 


WASTEWATER IRRIGATION 
Irrigation of Pasture with Meat-Processing Plant 
Effluent, 
W89-02055 SE 


WASTEWATER MANAGEMENT 
Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


Wastewater Management in Semiconducting 
Electronic Crystal Manufacturing Facilities, 
W89-02091 5D 


Primer for Computerized Wastewater Applica- 
tions. 
W89-02258 5D 


Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 

W89-02262 5D 


WASTEWATER POLLUTION 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 
W89-01395 5A 


WASTEWATER RENOVATION 
Reusing Water, 
W89-01347 3C 


Wastewater Reclamation and Reuse, 
W89-01478 3C 


WASTEWATER REUSE 
Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


WASTEWATER TREATMENT 
Seasonal Variations of Phytoplankton in a Series 
of Waste Treatment Lagoons (Chimkent, Cen- 
tral Asia): I. Artificial Inoculation and Role of 
Algae in Sewage Purification, 
W89-01275 5D 


Packed- and Fluidized-Bed Biofilm Reactor Per- 
formance for Anaerobic Wastewater Treatment, 
W89-01284 5D 


Nutrient Removal Biological Oxidation of Am- 
monia Nitrogen, 
W89-01286 5D 


Biological Nutrient Control by the A/O Proc- 


ess, 
W89-01287 sD 


SU-78 


SUBJECT INDEX 


Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene, 
W89-01290 5D 


Variation in Properties of Sewage Sludge, 
W89-01302 


Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 
W89-01303 5B 


Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 

W89-01304 sc 


Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 es 


Correlation of Compound Properties With Bio- 
sorption of Organic Compounds, 
W89-01325 5D 


Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


Effects of Surface-Active Agents on the Salinity 
Tolerance of Water Hyacinth (Eichhornia cras- 
sipes), 

W89-01329 5D 


Practical Application of Various Techniques to 
Control Sludge Bulking, 
W89-01354 5D 


Treating Industrial Plant Wastewater: Meeting 
Today’s Compliance Challenges, 
W89-01400 5D 


Brief Introduction to Technical Reformation of 
Purification Facilities in Shanghai Municipal 
Waterworks Company, 

W89-01428 5F 


Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 sD 


Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 

W89-01443 sD 


Maximum Likelihood Analysis of Disinfection 
Kinetics, 
W89-01444 5D 


Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 

W89-01451 5D 


Wastewater Collection, 
W89-01468 5D 


Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


Activated Sludge, 
W89-01470 5D 


Biological Fixed-Film Systems, 
W89-01471 5D 


Lagoons, Ponds, and Aerobic Digestion, 
W89-01472 5D 


Anaerobic Processes, 
W89-01473 5D 


Sludge Treatment, Utilization, and Disposal, 
W89-01474 


On-site Alternatives for Treatment and Disposal, 
W89-01475 5D 


Disinfection, 
W89-01476 


Wastewater Reclamation and Reuse, 
W89-01478 


Land Application of Wastewater, 
W89-01479 


Fruit, Grain, and Vegetable Wastes, 
W89-01483 


Fermentation Industry, 
W89-01484 


Dairy Wastes, 
W89-01485 


Agricultural Wastes, 
W89-01486 


Textile Wastes, 
W89-01487 


Petroleum Processing and Synthetic Fuels, 
W89-01499 5D 


Metal Finishing and Processing, 
W89-01491 sD 


Chemicals and Allied Products, 
W89-01492 5D 


Solid and Hazardous Wastes and Water Quality, 
W89-01494 5G 


Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 
un Lagunage a Microphytes Sous un Meme Cli- 
mate Tempere), 

W89-01524 5D 


Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 

W89-01594 SE 


Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 

W89-01595 SE 


Supercritical Deep Well Wet Oxidation of 
Liquid Organic Wastes, 
W89-01596 5D 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 

W89-01758 5G 


Wastewater Disinfection. 
W89-01819 5D 


Operation of Extended Aeration Package Treat- 
ment Plants. 
W89-01820 5D 


Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. 
W89-01827 5D 


Wetland Systems for Wastewater Treatment: 
Engineering Applications, 
W89-01828 5D 


Design and Use of Artificial Wetlands, 
W89-01829 2H 


Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 





Considerations for Wetland Treatment of Spent 
Geothermal Fluids, 
W89-01831 5D 


Ecological Perspectives on Wetland Systems, 
W89-01832 2H 


Water Conservation Wetland Values, 
W89-01833 2H 


Energy Flow in Wetlands, 
W89-01834 5D 


Wastewater Input to Coastal Wetlands: Manage- 
ment Concerns, 
W89-01835 5D 


Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


Comparisons of the Processing of Elements by 
Ecosystems, II: Metals, 
W89-01837 5D 


Effect of Natural Hydroperiod Fluctuations on 
Freshwater Wetlands Receiving Added Nutri- 
ents, 

W89-01838 5D 


Significance of Hydrology to Wetland Nutrient 
Processing, 
W89-01839 5D 


Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 5C 


Mississippi River Delta: A Natural Wastewater 
Treatment System, 
W89-01849 5D 


Aging Phenomena in Wastewater Wetlands, 
W89-01850 5D 


Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


Ecological Evaluation Procedure for Determin- 
ing Wetland Suitability for Wastewater Treat- 
ment and Discharges, 

W89-01852 sD 


Management Potential for Nutrient Removal in 
Forested Wetlands, 
W89-01853 5D 


Wetland-Wastewater Economics, 
W89-01854 5D 


Use of Wetlands for Wastewater Treatment and 
Effluent Disposal: Institutional Constraints, 
W89-01855 5D 


Responses of Wetlands and Neighboring Eco- 
systems to Wastewater, 
W89-01856 sc 


Wetlands, Wastewater, and Wildlife, 
W89-01857 xs 


Wetlands for Wastewater Treatment: An Engi- 
neering Perspective, 
W89-01858 5D 


Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 Se 


Proceedings of the 42nd Industrial Waste Con- 
ference. 
W89-02006 5D 


Implementation and Enforcement of an Industri- 
al Waste Pretreatment Program in Orlando, 
Florida, 

W89-02008 5D 


SUBJECT INDEX 


Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


Stabilization of a Thermally Sensitive Nitro- 
Compound Waste, 
W89-02014 SE 


Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 

W89-02015 5D 


Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 

W89-02016 5D 


Biofilm Characteristics in a Fluidized-Bed Bior- 
eactor, 
W89-02017 5D 


Use of Tailored Clays for Selective Adsorption 
of Hazardous Pollutants, 
W89-02018 5D 


Treatment of Cr(VI) Containing Wastewater by 
Addition of Powdered Activated Carbon to the 
Activated Sludge Process, 

W89-02019 5D 


Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 

W89-02020 5D 


Improving Stability of a Paper Mill Sludge, 
W89-02021 


Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


Biodegradation of Oilfield Production Pit 
Sludges, 
W89-02025 5D 


Development of Low-Cost Flotation Technolo- 
gy and Systems for Wastewater Treatment, 
W89-02026 sD 


Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 5D 


Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 5D 


Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 

W89-02035 5D 


Study and Implementation of Waste Minimiza- 
tion at IBM Austin, 
W89-02038 SE 


Water Reuse and Recycling in Industry, 
W89-02039 5D 


Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 

W89-02040 5E 


Integrated Plant for Treatment of Dilute Haz- 
ardous Waste, 
W89-02042 5D 


Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


WASTEWATER TREATMENT 


Spent Caustic Treatment and Disposal, 
W89-02047 5D 


Implementation of an Aqueous Waste Substitu- 
tion Project at Giant Cement Company and 
Compliance with the Associated Permits by 
South Carolina Department of Health and Envi- 
ronmental Control, 

W89-02048 3C 


Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
W89-02050 5D 


Waste Oil Recovery, 
W89-02051 5D 


Use of Peat in the Treatment of Oil-in-Water 
Emulsions, 
W89-02052 sD 


Start-Up and Operation Results from SBR 
Treatment of a Meat Processing Wastewater, 
W89-02053 5D 


Performance of World’s Largest Cyclical Acti- 
vated Sludge Process Treating Combined Mu- 
nicipal/Packing House Wastewater, 

W89-02054 5D 


Dioxin: Treatment with Ozone, 
W89-02056 5D 


Sensitized Photooxidation of Bromacil: Pilot, 
Bench, and Laboratory Scale Studies, 
W89-02057 5D 


Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


Chemical Enhancement and Depression of 
Oxygen Transfer in Industrial Wastewaters, 
W89-02059 5D 


Dissolved Oxygen Control in a Coupled Fluid- 
ized Bed System, 
W89-02060 5D 


Removal of Selected Priority Pollutants Using a 
Pilot-Scale Modified Activated Sludge Process, 
W89-02062 sD 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 

W89-02063 5D 
Activated Sludge Treatment of Selected Aque- 


ous Organic Hazardous Waste Compounds, 
W89-02064 5D 


Immobilized Mixed Microbial Cells for 
Wastewater Treatment, 
W89-02065 5D 


Enhanced Treatment of High Strength Soft 
Drink Bottling Wastewaters, 
W89-02066 5D 


Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
W89-02069 5D 


Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


Anaerobic Pilot Plant Studies for Dairy Plant 


Wastewaters, 
W89-02072 5D 


$u-79 





WASTEWATER TREATMENT 


Anaerobic Treatment of Dairy Wastewater, 
W89-02073 5D 


Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


High-Rate Anaerobic Waste Treatment - How 
High, 
W89-02075 5D 


Effects of Environmental Factors on Acid-Phase 
Digestion of Sewage Sludge, 
W89-02076 5D 


Toxicity of Sulfides to the Anaerobic Treatment 
Process, 
W89-02077 sD 


Anaerobic Treatment of Tannery Wastewater, 
W89-02078 5D 


Anaerobic Pretreatment of High Strength 
Wastewaters Using a Reactive Growth Support 
Media, 

W89-02079 5D 


Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from Plating 
Wastewater, 

W89-02085 5D 


Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 

W89-02086 5D 


Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 

W89-02087 5D 


Precipitation Treatment of Spent Electroless 
Nickel Plating Baths, 
'W89-02088 5D 


Nickel Metal Recovery from Metal Finishing 
Industry Wastes, 
W89-02089 5D 


Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


Wastewater Management in Semiconducting 
Electronic Crystal Manufacturing Facilities, 
W89-02091 5D 


Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
'W89-02092 5D 


GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 


Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 

W89-02095 5D 


Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume II: Treatment and Dis- 
posal. 

W89-02104 SE 


SU-80 


SUBJECT INDEX 


Primary Mechanical Treatment, 
W89-02105 


Biological Treatment, 
W89-02106 5D 


Sludge Treatment, 
W89-02107 5D 


Water Treatment and Reuse, 
W89-02108 5F 


Methods for Recovering Viruses from the Envi- 
ronment. 
W89-02111 SA 


Recovering Viruses from Sewage Sludges and 
from Solids in Water, 
W89-02113 5A 


Reconcentration of Viruses from Primary 
Eluates, 
W89-02117 SA 


Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Con- 
taminants. 

W89-02155 5G 


Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 


Primer for Computerized Wastewater Applica- 
tions. 
W89-02258 5D 


Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 

W89-02262 5D 


International Conference on Innovative Biologi- 
cal Treatment of Toxic Wastewaters. 
W89-02267 5D 


Biological Treatment of Toxics in Wastewater: 
The Problems and Opportunities, 
W89-02268 5D 


Hazardous 
Treatment, 
W89-02269 5D 


Waste Management: Biological 


Toxicity Assays and Molecular Structure Toxic- 


ity, 
W89-02270 5D 


Competitive Kinetic Model of Suspended- 
Growth Inhibited Biological Systems, 
W89-02271 5D 


Toxicity of Nickel in Methane Fermentation 
Systems: Fate and Effect on Process Kinetics, 
W89-02272 5D 


Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 

W89-02273 5D 


Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


Effect of Inorganic Cations on Biological Fixed- 
Film Systems, 
W89-02275 5D 


Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 

W89-02277 5D 


Technique to Determine Inhibition in the Acti- 
vated Sludge Process Using a Fed-Batch Reac- 


tor, 
W89-02279 5D 


Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 

W89-02280 5D 


SBR Treatment of Hazardous Wastewater - 
Full-Scale Results, 
W89-02281 5D 


Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 

W89-02282 5D 


Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 

W89-02283 5D 


High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


WASTEWATER TREATMENT ANALYSIS 


Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 SA 


WASTEWATER TREATMENT FACILITIES 


Integrated Plant for Treatment of Dilute Haz- 
ardous Waste, 
W89-02042 5D 


WATER ANALYSIS 


Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 
W89-01295 7B 


Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 

W89-01296 5A 


New Selective Agar Medium for Recovery of 
Staphylococcus aureus in Waters (Utilisation 
d’un nouveau milieu de culture selectif pour 
Visolement de Staphylococcus aureus dans dif- 
ferents types d’eau), 

W89-01310 SA 


Determination of Twenty-one Chloroanisoles in 
Water and Sediment Samples, 
W89-01377 5A 


Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 

Ws89-01421 2H 


Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


Evaluation of Direct Microscopical Counts and 
Endotoxin Measurements as Alternatives for 
Total Plate Counts, 

W89-01458 5A 


Inorganics, 
W89-01464 5A 


Organics, 
W89-01465 5A 


Water Characteristics, 
W89-01466 5A 


Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


Human Health Effects Assays, 
W89-01506 SA 





Effects of Chemicals on Microorganisms, 
W89-01507 5C 


Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 5A 


Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 TA 


ASTM Standards on Materials and Environmen- 
tal Microbiology. 
W89-01826 2H 


Analysis of Pesticides in Water. Volume I: Sig- 
nificance, Principles, Techniques, and Chemistry 
of Pesticides. 

W89-01968 5A 


Analysis of Pesticides in Water. Volume II: 
Chlorine- and Phosphorus-Containing Pesti- 
cides. 

W89-01973 5A 


Phenoxyalkyl Acid Herbicides (CPHs), 
W89-01976 5A 


Analysis of Pesticides in Water. Volume III: 
Nitrogen-Containing Pesticides. 
W89-01977 5A 


Substituted Urea Herbicides, 
W89-01979 5A 


Triazine Herbicides, 
W89-01980 SA 


Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 5A 


Biotreatment Inhibition by Hazardous Com- 
pounds in an Integrated Oil Refinery, 
W89-02024 5D 


Recovering Viruses from Sewage, Effluents, and 
Water, 
W89-02112 SA 


Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 

W89-02122 5B 


Groundwater Monitoring: An Overview from 
Field Drilling to Laboratory Analysis, 
W89-02209 5A 


WATER CHEMISTRY 
Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


Stream Chemistry Responses to Disturbance, 
W89-01709 4c 


WATER CONSERVATION 
Growing Vegetables with Little Water, 
W89-01774 


Water Conservation Wetland Values, 
W89-01833 


SUBJECT INDEX 


Submissions, Recommendations and Objections: 
The Nature Conservation Council’s Experience, 
W89-01878 6E 


Perspective on Soil and Water Conservation and 
Agriculturally Related Groundwater Contami- 
nation, 

W89-02198 4C 


WATER CONVEYANCE 
London Water Ring Main: An Optimal Water 
Supply System, 
W89-01350 SF 


Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 5F 


Analysis of Water Distribution Systems, 
W89-02259 SF 


WATER COSTS 
International Comparison of Water Prices, 
W89-01427 6C 


WATER DEMAND 
Urban Growth and Water Borne Diseases in 
Ibadan, 
W89-01433 5B 


Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 

W89-01775 2H 


Invertebrate Fish Food Resources of Lotic En- 
vironments, 
W89-01802 2H 


WATER DISTRIBUTION 
Current Trends in Water-Supply Planning: 
Issues, Concepts, and Risks, 
W89-02257 SF 


Analysis of Water Distribution Systems, 
W89-02259 5F 


WATER HYACINTH 
Effects of Surface-Active Agents on the Salinity 
Tolerance of Water Hyacinth (Eichhornia cras- 
sipes), 
W89-01329 5D 


Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


WATER LAW 
International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


Recent Developments in the Law of the Sea 
1986, 
W89-01518 6E 


Lands and Natural Resources, 
W89-01527 6E 


Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


Overview of Michigan Groundwater Law, 
W89-02216 6E 


WATER LEVEL 
Lake Level Control, 
W89-01881 


WATER LEVEL FLUCTUATIONS 
Lake Level Control, 
W89-01881 2H 


WATER MAINS 
London Water Ring Main: An Optimal Water 
Supply System, 
W89-01350 5F 


WATER POLLUTION CONTROL 


WATER MANAGEMENT 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 
que), 
W89-01337 6A 


Economic View of the Great Lakes, 
W89-02177 6A 


Transboundary Management of Large Lakes: 
Experience with the Great Lakes of North 
America, 

W89-02179 6E 


Transboundary Management of Lake Geneva, 
W89-02180 6E 


Lake Resources and Fisheries Utilization in 
Hubei Province, 
W89-02193 2H 


Protection of the Plateau Lakes in Yunnan Prov- 
ince, 
W89-02194 5G 


WATER MILFOILD 
Food Habits and Distribution of Wintering Can- 
vasbacks, Aythya valisineria, on Chesapeake 
Bay, 
W89-01426 2L 


WATER POLLUTION 
Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 
W89-01297 SA 


Radioactivity in Water Supplies, 
W89-01352 SF 


Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


Influence of Indicator Bacteria on the Incidence 
of Salmonella in Aquatic Environment, 
W89-01510 SA 


International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


Marine Pollution: Injury Without a Remedy, 
W89-01517 6E 


Recent Developments in the Law of the Sea 
1986, 
W89-01518 6E 


Social and Human Relevance of In Situ Sedi- 
ments, 
W89-01726 6G 


WATER POLLUTION CONTROL 
History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part I, 
W89-01288 5D 


History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part II, 

W89-01289 5G 


Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 

W89-01304 5C 


Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 SC 


Solubility Relationships of Aluminum and Iron 


Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


SU-81 





WATER POLLUTION CONTROL 


Controlling Nitrate Leaching in Water Supply 
Catchments, 
W89-01349 5G 


Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 


International Rivers Rhine and Meuse: Recent 
Developments in the Field of the Protection 
Against Pollution and of Drinking Water Pro- 
duction in the Netherlands Including the Prob- 
lems of Storage and Eutrophication, 

W89-01429 5F 


Improvements in Watershed Management Yield 
Enhanced Revenues, 
W89-01431 4A 


Systems Analysis, 
W89-01461 6A 


Economics, 
W89-01462 6B 


Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


Coal and Coal Mine Drainage, 
W89-01488 5G 


Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


Power Industry Wastes, 
W89-01490 5G 


Radioactive Wastes, 
W89-01493 SE 


Nonpoint Sources, 
W89-01495 5G 


Lake and Reservoir Management, 
W89-01497 5G 


Dissolved Oxygen in Streams and Reservoirs, 
W89-01498 5G 


Groundwater Quality, 
W89-01499 5B 


Subsurface Pollution Containment Using a Com- 
posite System Vertical Cutoff Barrier, 
W89-01614 5G 


Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


Computer Models in Environmental Planning, 
W89-01823 6A 


Cost Allocation at Superfund Sites, 
W89-02009 5G 


Cooperative Effort to Remediate a Historical 
PCB Disposal Site, 
W89-02010 5G 


Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 

W89-02040 SE 


Implementation of an Aqueous Waste Substitu- 
tion Project at Giant Cement Company and 
Compliance with the Associated Permits by 
South Carolina Department of Health and Envi- 
ronmental Control, 

W89-02048 3C 


Pollution Control Legislation, 
W89-02100 6E 


Heavy Metals in Wastewater and Sludge Treat- 

ment Processes. Volume II: Treatment and Dis- 
sal. 

W89-02104 SE 


SU-82 


SUBJECT INDEX 


Overview of the Effectiveness of Canadian 
Chlor-Alkali Mercury Regulations, 
W89-02135 5G 


Lake Orta (N. Italy): Recovery After the Adop- 
tion of Restoration Plans, 
W89-02142 5G 


Administration of the Fish Contaminant Pro- 
gram in a Decentralized State Agency, 
W89-02150 6E 


Legal and Public Information Change Needed, 
W89-02152 5G 


Michigan’s Process for Regulating Toxic Sub- 
stances in Surface Water Permits, 
W89-02154 5G 


Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Con- 
taminants. 

W89-02155 5G 


Waste: The Enigma of the 80's, 
W89-02156 6A 


Toxicology Testing as a Control Strategy, 
W89-02164 5G 


Risk A t/Risk M 
Control Strategy, 
W89-02167 6A 


t as a Toxic 





Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
W89-02171 5B 


Strategies for Control of Non-Point Source Pol- 
lution, 
W89-02186 5G 


Role of Research in Management of the Lauren- 
tian Great Lakes, 
W89-02190 6A 


International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


Protection of the Plateau Lakes in Yunnan Prov- 
ince, 
W89-02194 5G 


Agriculture and Natural Resources: The Broad- 
ening Horizon, 
W89-02197 6A 


Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 

W89-02206 5G 


Using Crop Models as a Decision Support 
System to Reduce Nitrate Leaching, 
W89-02207 5G 


Rural Groundwater Contamination: Impacts of 
and Potential Benefits from Land Use Planning 
and Zoning, 

W89-02219 5G 


Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


Federal and State Assistance for Action, 
W89-02221 6E 


WATER POLLUTION EFFECTS 
Structure of Periphytic Communities in Cooling 
Pond of Nuclear Power Plant, 
W89-01273 2H 


Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 sc 


Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 

W89-01299 5C 


Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 

W89-01300 5C 


Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 

W89-01307 5C 


Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de I’Allondon Genevoise), 

W89-01314 5C 


Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 

W89-01324 5C 


In vitro Effect of Mercury and Cadmium on 
Brain Ca(++)-ATPase of the Catfish Ictalurus 
punctatus, 

W89-01389 5C 


Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 

W89-01390 5C 


Effect of an Anionic Detergent on the Lipid 
Moieties of Various Cell Types in the Opercular 
Epidermis of Rita rita, 

W89-01392 5C 


Seasonal and Spatial Variability in Macro- 
benthos Communities in Jamaica Bay, New 
York: An Urban Estuary, 

W89-01424 5C 


Effects of Fluoride Concentration in Seawater 
on Growth and Fluoride Accumulation by 
Sydney Rock Oyster (Saccostrea commercialis) 
and Flat Oyster (Ostrea angasi) Spat, 

W89-01452 5C 


Thermal Effects, 
W89-01500 5C 


Effects of Pollution on Freshwater Organisms, 
W89-01502 5c 


Effects on Saltwater Organisms, 
W89-01503 5C 


Substrate Associated Microbiota, 
W89-01505 5C 


Effects of Chemicals on Microorganisms, 
W89-01507 5C 


Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 

W89-01525 5C 


Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 

W89-01601 TA 





Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 

W89-01607 71C 


Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 5B 


Effects of Pesticide Applications on Forested 
Watersheds, 
W89-01708 5C 


Acid Precipitation Effects on Forest Processes, 
W89-01710 5C 


Trace Metals in the Atmosphere, Forest Floor, 
Soil, and Vegetation, 
W89-01711 5C 


Ecological Effects of In Situ Sediment Contami- 
nants. 
W89-01714 5C 


Interactions Between Sediment Contaminants 
and Benthic Organisms, 
W89-01719 5B 


Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


Phytoplankton Bioassays for Evaluating Toxici- 
ty of In Situ Sediment Contaminants, 
W89-01723 5C 


In Situ Contaminants and Environmental Assess- 
ment: An Ecological Summary, 
W89-01725 5C 


Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 
W89-01730 5G 


Contaminated Sediments in the Elbe Estuary: 
Ecological and Economic Problems for the Port 
of Hamburg, 

W89-01731 5C 


Sediment-Associated Contaminants: An Over- 
view of Scientific Bases for Developing Remedi- 
al Options, 

W89-01734 5B 


Predicting the Effects of a Possible Temperature 
Increase Due to Stream Regulation on the Eggs 
of Whitefish (Coregonus lav aretus) - A Labora- 
tory Approach, 

W89-01750 5C 


Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 5C 


Persistence of Biologically Active Compounds 
in Soil, 
W89-01778 5B 


Community Toxicity Testing. 
W89-01783 5C 


Some Methods for Measuring Effects of Toxi- 
cants on Laboratory- and Field-Colonized Estu- 
arine Benthic Communities, 

W89-01785 5C 


Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 5C 


Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 


Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 5A 


Microcosm Procedure for Determining Safe 
Levels of Chemical Exposure in Shallow-Water 
Communities, 

W89-01789 5C 


Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 

W89-01790 5A 


Evaluation of Simple Generic Aquatic Ecosys- 
tem Tests to Screen the Ecological Impacts of 
Pesticides, 

W89-01791 5C 


Population and Guild Analysis for Interpretation 
of Heavy Metal Pollution in Streams, 
W89-01792 5C 


Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5C 


Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 

W89-01794 5C 
Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 
W89-01795 5A 





Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 

W89-01796 5C 


Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 

W89-01799 5C 


Ecological Perspectives on Wetland Systems, 
W89-01832 2H 


Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 5C 


Terrestrial Communities: From Mesic to Hydric, 
W89-01841 


Public Health Implications of Sewage Applica- 
tions on Wetlands: Microbiological Aspects, 
W89-01843 


Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 


Long-Term Impacts of Agricultural Runoff in a 
Louisiana Swamp Forest, 
W89-01848 4c 


Responses of Wetlands and Neighboring Eco- 
systems to Wastewater, 
W89-01856 5C 


Wetlands, Wastewater, and Wildlife, 
W89-01857 5C 


Design Criteria for a Predictive Ecological Ef- 
fects Modeling System, 
W89-01896 5C 


Resource Competition Modeling of the Impacts 
of Xenobiotics on Biological Communities, 
W89-01897 5C 


Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5C 


WATER POLLUTION EFFECTS 


Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 5C 


Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 5C 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 

W89-01905 5C 


Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 

W89-01906 5C 


Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 

W89-01909 5c 


Metabolism of Benzo(a)pyrene by a Mixed 
Function of Oxygenase System in Blue Crabs, 
Callinectes sapidus, 

W89-01910 SC 


Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
ws89-01911 5C 


Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 

W89-01912 5C 


Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 5A 


Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 

W89-01915 SB 


Effect of Diet on Copper Toxicity to Neanthes 
arenaceodentata (Annelida: Polychaeta), 
W89-01920 5C 


Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 

W89-01921 5C 


Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 

W89-01924 5C 


Effect of Natural Water Source on the Toxicity 
of Chemicals to Aquatic Microorganisms, 
W89-01925 5A 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 sx 


Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 

W89-01931 5A 


Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 

W89-01939 5sC 


SU-83 





WATER POLLUTION EFFECTS 


Use of Biochemical Measurements to Detect 
Pollutant-Mediated Damage to Fish, 
W89-01941 ~~ 


Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 7 


Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 5A 


Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 

W89-01951 TA 


Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 

W89-01952 5C 


Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 
ity, 

W89-01953 5B 


Implications of Waste Disposal in Coastal 
Waters on Fish Populations, 
W89-01954 5C 


Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 5C 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Environmental Impact and Significance of Pesti- 
cides, 
W89-01969 5C 


Ecological Parameters 
Plant Growth, 
W89-01994 2E 


Influencing Aquatic 


Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 5A 


Scope of the Problem, 
W89-02098 5C 


Toxic Contamination in Large Lakes. Volume I: 
Chronic Effects of Toxic Contamimants in 
Large Lakes. 

W89-02121 SC 


Ecosystem Surprise: Toxic Chemical Exposure 
aud Effects in the Great Lakes, 
W89-02123 5C 


Known Effects of Pollutants on Fish-Eating 
Birds in the Great Lakes of North America, 
W89-02124 5C 


Fish Tumors as Known Field Effects of Con- 
taminants, 
W89-02125 5C 


Effects of Contaminants on Algae: An Over- 
view, 
W89-02127 5C 


Toxic Contaminants and Benthic Organisms in 


the Great Lakes: Cycling, Fate and Effects, 
W89-02128 5B 


SU-84 


SUBJECT INDEX 


Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 

W89-02129 SA 


Human Exposure to Persistent Aquatic Con- 
taminants: A PCB Case Study, 
W89-02131 5B 


Experimental Procedures for Environmental 
Hazard Assessment, 
W89-02134 5A 


Research Needs in Support of the Assessment 
Process, 
W89-02136 5A 


Toxic Contamination in Large Lakes. Volume 
II: Impact of Toxic Contaminants on Fisheries 
Management. 

W89-02137 sc 


Fishery Transformation on Lake 
Egypt During the Period 1920 to 1980, 
W89-02139 8I 


Manzala, 


Riverine and Other Tropical Lakes and Their 
Fisheries, 
W89-02143 2H 


Lake Biwa, Its Value and Relation to Tributary 
Streams, 
W89-02144 2H 


Effects of Contaminants Loadings on Fisheries 
Yields from Large Lakes, 
W89-02145 5C 


Perspectives on the Influence of Toxic Sub- 
stances on Fishery Productivity, 
W89-02147 sc 


Restocking of Great Lakes Fishes and Reduc- 
tion of Environmental Contaminants 1960-1980, 
W89-02148 81 


Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


Administration of the Fish Contaminant Pro- 
gram in a Decentralized State Agency, 
W89-02150 6E 


Freshwater Fisheries Management and Pollution 
in Britain: An Overview, 
W89-02151 8I 


Predicting, Validating and Monitoring Effects of 
Toxics on Large Lake Ecosystems, 
W89-02153 5C 


Significance of Atmospheric Inputs of Toxic 
Materials to Large Lakes, 
W89-02161 5C 


Toxicology Testing as a Control Strategy, 
W89-02164 


Lake-Wide Impacts of Long-Term Sources of 
Xenobiotic Contaminants: Lake Managua (Nica- 
ragua) and Lake Michigan (United States), 

W89-02175 sc 


Health Implications of Groundwater Contami- 
nants, 
W89-02211 5C 


WATER POLLUTION PREVENTION 
Impact of Mosul Textile Factory Effluents on 
Tigris River Water Quality, 
W89-01326 5B 


Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 

W89-01531 5G 


Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 

W89-01533 6E 


Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 


Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 

W89-01616 5G 


Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 

W89-01629 5G 


Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


Supplementary Report of The Flathead River 
International Study Board. 
W89-01809 5G 


Protecting Aquatic Resources: An Ecologist’s 
Perspective, 
W89-01900 5G 


Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 5D 


Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 5A 


Geosynthetics for Use in Waste Facilities, 
W89-02043 5G 


Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


Wisconsin Groundwater Quality Standards: Can 
Wastewater Land Treatment Systems Meet 
Them, 

W89-02080 6E 


Wealth Generator or Environmental Protector. 
The Approach of a Chemical Company to Proc- 
ess and Product Development under Increasing 
Environmental Pressures, 

W89-02163 6E 


PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sus- 
tainable Development. 

W89-02176 5G 


Transboundary Management of Lake Geneva, 
W89-02180 6E 


Cleaning Abandoned Chemical Waste Sites and 
the Larger Problem of Preventing New Dumps, 
W89-02182 E 


3P Program: An Effective Approach to Industri- 
al Pollution, 
W89-02183 6A 


Industrial Siting in a Developing Country the 
Case of Argentina - Its Context - the Environ- 
mental Dimension, Hazardous Waste and Large 
Lakes, 

W89-02184 6G 





Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


Federal and State Assistance for Action, 
W89-02221 6E 


Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 

W89-02277 5D 


WATER POLLUTION SOURCE 
Impact of Mosul Textile Factory Effluents on 
Tigris River Water Quality, 
W89-01326 5B 


WATER POLLUTION SOURCES 
History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part I, 
W89-01288 5D 


Multitable analyses in Factorial Ecology: II. 
Longitudinal Stratification of the Ardeche, Be- 
ginning with Physico-chemical Descriptors (Les 
analyses multitableaux en ecologie factorielle: II. 
Stratification longitudinale de !’Ardeche a partir 
de descripteurs physico-chemiques), 

W89-01293 2H 


Sediments and Pollution in the Northern Adriat- 
ic Sea, 
W89-01308 5B 


Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de I’ Allondon Genevoise), 

W89-01314 5C 


Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 

W89-01316 5B 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


International Rivers Rhine and Meuse: Recent 
Developments in the Field of the Protection 
Against Pollution and of Drinking Water Pro- 
duction in the Netherlands Including the Prob- 
lems of Storage and Eutrophication, 

W89-01429 SF 


Urban Growth and Water Borne Diseases in 
Tbadan, 
W89-01433 5B 


Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 

W89-01440 5B 


Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


Nonpoint Sources, 
W89-01495 5G 


Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


Permeability of Clay to Acidic and Caustic Per- 
meants, 
Wws9-01621 5B 


Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 
W89-01627 5B 


Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 

W89-01670 5B 


Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


Sediments as a Source for Contaminants, 
W89-01716 5B 


Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


Underground Storage Systems: Leak Detection 
and Monitoring, 
W89-01765 SA 


Handbook of Nonpoint Pollution: Sources and 


Management, 
W89-01822 5B 


Heavy Metals in Wastewater and Sludge Treat- 
ment Processes. Volume I: Sources, Analysis, 
and Legislation. 

W89-02097 SA 


Sources of Heavy Metals in Wastewater, 
W89-02099 5B 
Ecosystem Surprise: Toxic Chemical Exposure 
and Effects in the Great Lakes, 

W89-02123 5C 


Lead and Mercury in the Mediterranean, 
W89-02132 5B 


Toxaphene: Usage, Aerial Transport and Depo- 
sition, 
W89-02133 5B 


Toxic Contamination in Large Lakes. Volume 
III: Sources, Fate, and Controls of Toxic Con- 
taminants. 

W89-02155 5G 


Contributions of Urban Activities to Toxic Con- 
tamination of Large Lakes, 
W89-02157 5B 


Sources and Routes of Toxic Contamination 
from Manufacturing Operations, 
W89-02158 5B 


Contribution of Agricultural Pesticides to 
Worldwide Chemical Distribution, 
W89-02159 5B 


Disposal Activities as a Source of Contaminants 
to Large Lakes, 
W89-02160 SB 


Significance of Atmospheric Inputs of Toxic 
Materials to Large Lakes, 
W89-02161 5c 


WATER POLLUTION TREATMENT 


Transfer of Toxic Substances at the Air-Water 
Interface - Introduction and Examples from the 
North Sea, 

W89-02168 5B 


Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
W89-02171 5B 


Case Study on the Fate of Heavy Metals: Lake 
Maggiore, Italy, 
W89-02173 5B 


Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


Lake-Wide Impacts of Long-Term Sources of 
Xenobiotic Contaminants: Lake Managua (Nica- 
ragua) and Lake Michigan (United States), 

W89-02175 5C 


Pollution Hazards of Agriculture, 
W89-02185 5B 


Strategies for Control of. Non-Point Source Pol- 
lution, 
W89-02186 5G 


Rural Groundwater Contamination. 
W89-02196 2F 


Assessing Animal Waste Systems Impacts on 
Groundwater: Occurrences and Potential Prob- 
lems, 

W89-02203 5B 


Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


WATER POLLUTION TREATMENT 
Proceedings of the NWWA/API Conference on 
Petroleum Hydrocarbons and Organic Chemi- 
cals in Ground Water-Prevention, Detection and 
Restoration. 

W89-01530 SB 


Comparison of Ground Water Cleanup Levels; 
Two Case Histories, 
W89-01532 5G 


Electro-Osmotic Removal of Benzene From a 
Water Saturated Clay, 
W89-01538 5G 


Nitrate Remediation of Gasoline Contaminated 
Ground Waters: Results of a Controlled Field 
Experiment, 

W89-01539 5G 


Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 

W89-01540 5G 


Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


Remediation of Ground-Water Contamination 
Resulting from the Failure of a Class I Injection 
Well: A Case History, 

W89-01581 5G 


Principles of Bioreclamation of Contaminated 


Ground Water and Leachates, 
W89-01644 5G 


SU-85 





WATER POLLUTION TREATMENT 


Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 
W89-01730 5G 


Protocol for the Selection of Process-Oriented 
Remedial Options to Control In Situ Sediment 
Contaminants, 

W89-01735 5G 


Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 

W89-01794 5C 


Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 

W89-02028 5G 


On-Site Treatment Systems for Aquifer Restora- 
tion Biological Treatment, 
W89-02029 5G 


Lake Orta (N. Italy): Recovery After the Adop- 
tion of Restoration Plans, 
W89-02142 5G 


Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


WATER PRESSURE 
Injection Zone Pressure Profile, 
W89-01588 


WATER PROPERTIES 
NALCO Water Handbook. 
W89-01824 5F 


WATER QUALITY 
Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de l’Allondon Genevoise), 
W89-01314 5C 


Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
Ii. Climatology and Agronomy, 

W89-01318 2F 


Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 

W89-01324 5C 


Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-01353 5B 


Treating Industrial Plant Wastewater: Meeting 
Today’s Compliance Challenges, 
W89-01400 5D 


Mass Transport to Streambed Biofilms, 
W89-01449 SB 


In-stream Nitrification Rate Prediction, 
W89-01450 5B 


Influence of Indicator Bacteria on the Incidence 


of Salmonella in Aquatic Environment, 
W89-01510 SA 


SU-86 


SUBJECT INDEX 


Rationale for Sampling and Interpretation of 
Ecological Data in the Assessment of Freshwa- 
ter Ecosystems. 

W89-01599 7B 


Interpretation of In Situ Groundwater Quality 
from Well Samples, 
W89-01605 7C 


Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 71C 


Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality Assurance, 

W89-01641 7C 


Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 7A 


Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 

W89-01675 SA 


Ground Water Contamination Associated with 
Waste Disposal into a Water-Filled Open-Pit 
Coal Mine, 

W89-01683 5B 


Practical Methodology for Processing and Vali- 
dation of Water Quality Data, 
W89-01684 7B 


Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 
ment, 

W89-01687 5B 


Assessment of Flushing Flow Recommendations 
in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


Cyanophage Assay as a New Concept in the 
Study of Environmental Toxicity, 
W89-01932 SA 


How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


Fisheries Management, Water Quality and Eco- 
nomic Impacts: A Case Study of Lake Kinneret, 
W89-02138 81 


National Pesticides in Well Water Survey, 
W89-02213 5A 


WATER QUALITY ACT 
Law (1987 Amendments), 
W89-01463 6E 


WATER QUALITY CONTROL 
Improvements in Watershed Management Yield 
Enhanced Revenues, 
W89-01431 4A 


Future Research for the Production of Drinking 
Water, 
W89-01432 SF 


Law (1987 Amendments), 
W89-01463 6E 


Solid and Hazardous Wastes and Water Quality, 
W89-01494 5G 


Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 

W89-01531 5G 


Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 

W89-01758 5G 


Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 

W89-01759 2H 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 SA 


Are the ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses’ Based on Sound 
Judgments, 

W89-01962 5G 


Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 5G 


Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 

W89-01966 5G 


Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 

W89-01967 5G 


Uniting Habitat Quality and Fishery Programs 
in the Great Lakes, 
W89-02141 5G 


Lake Orta (N. Italy): Recovery After the Adop- 
tion of Restoration Plans, 
W89-02142 5G 


Restocking of Great Lakes Fishes and Reduc- 
tion of Environmental Contaminants 1960-1980, 
W89-02148 8I 


Michigan’s Process for Regulating Toxic Sub- 
stances in Surface Water Permits, 
W89-02154 5G 


Toxic Contamination in Large Lakes. Volume 
IV: Prevention of Toxic Contamination in Large 
Lakes. Managing a Large Ecosystem for Sus- 
tainable Development. 

W89-02176 5G 


International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


Drinking Water Standards: Their Derivation 
and Meaning, 
W89-02210 5G 


County Leadership for Groundwater Concerns, 
W89-02218 6E 


Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


WATER QUALITY MANAGEMENT 
Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 





Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 

W89-01758 5G 


Increasing the Oxygen Content of the Kalajoki 
River, 
W89-01760 5G 


WATER QUALITY STANDARDS 
Radioactivity in Water Supplies, 
W89-01352 SF 


Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 


Microcosm Procedure for Determining Safe 
Levels of Chemical Exposure in Shallow-Water 
Communities, 

W89-01789 5C 


Proposed Goal of Applied Aquatic Toxicology, 
W89-01893 


WATER RESOURCES DEVELOPEMENT 
Current Trends in Water-Supply Planning: 
Issues, Concepts, and Risks, 

W89-02257 SF 


WATER RESOURCES DEVELOPMENT 
Lessons from EIA for Bicol River Development 
in Philippines, 

W89-01367 6G 


Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 

W89-01803 6G 


Waddell Dam, Maricopa County, Arizona: Pho- 
tographs; Written Historical and Descriptive 
Data, Reduced Copies of Drawings, 

W89-01805 8A 


Aquatic Biology and Hydroelectric Power De- 
velopment in New Zealand. 
W89-01871 6G 


State (Large-scale) Hydroelectric Resources, 
W89-01872 6A 


Local (Small-scale) Hydroelectric Resources, 
W89-01873 6A 


Environmental Impact Assessment, 
W89-01874 6G 


Town and Country Planning, 
W89-01875 6A 


Submissions, Recommendations and Objections: 
The Nature Conservation Council’s Experience, 
W89-01878 6E 


Wetland Birds, 
W89-01891 2H 


Environmental Management of Water Projects. 
W89-01990 4A 


Environmental Conditions for Water Resources 
Projects, 
W89-01991 6G 


Impact of Lake Changshou on the Environment, 
W89-02195 


Quantification of Groundwater Recharge in 
Arid Regions: A Practical View for Resource 
Development and Management, 

W89-02243 2 


WATER REUSE 
Reusing Water, 
W89-01347 


SUBJECT INDEX 


Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 SF 


Wastewater Reclamation and Reuse, 
W89-01478 3C 


Water Reuse and Recycling in Industry, 
W89-02039 5D 


Implementation of an Aqueous Waste Substitu- 
tion Project at Giant Cement Company and 
Compliance with the Associated Permits by 
South Carolina Department of Health and Envi- 
ronmental Control, 

W89-02048 3C 


Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


Water Treatment and Reuse, 
W89-02108 5F 


WATER RIGHTS 
Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


Water Rights at the National and Regional 
Level, 
W89-01876 6E 


WATER SAMPLING 
Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 
W89-01674 5A 


WATER SUPPLY 
London Water Ring Main: An Optimal Water 
Supply System, 
W89-01350 SF 


Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 SF 


Current Trends in Water-Supply Planning: 
Issues, Concepts, and Risks, 
W89-02257 5F 


WATER SUPPLY DEVELOPMENT 

Effects of the Development of Rural Water 
Supply on the Geographic Rhythm of the Vil- 
lagers and Agriculture in the Mtwara Region of 
Tanzania (Maaseudun Vesihuollon Paranemisen 
Vaikutus Kylalaisten Maantieleelliseen Rytmiin 
Ja Maanviljelyyn Mtwaran Laanin Alueella 
Tansaniassa), 

W89-01312 3D 


WATER TABLE PROFILES 
Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


WATER TEMPERATURE 
Instream Temperature Modeling and Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 
W89-01748 6G 


Hydropower Development of Salmon Rivers: 
Effect of Changes in Water Temperature on 
Growth of Brown Trout (Salmo trutta) Pres- 
molts, 

W89-01749 6G 


Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 

W89-01759 2H 


WATER TREATMENT 
Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 
W89-01303 5B 


WATER TREATMENT FACILITIES 


Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


Applications of Vyredox Method Regarding 
Iron Removal from Ground Water in China, 
W89-01411 SF 


International Rivers Rhine and Meuse: Recent 
Developments in the Field of the Protection 
Against Pollution and of Drinking Water Pro- 
duction in the Netherlands Including the Prob- 
lems of Storage and Eutrophication, 

W89-01429 SF 


Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’lle de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 5F 


Future Research for the Production of Drinking 
Water, 
W89-01432 SF 


Design Criteria for the Removal of Organic 
Matter from Water with Aluminum, 
W89-01434 SF 


Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


Maximum Likelihood Analysis of Disinfection 
Kinetics, 
W89-01444 5D 


Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 

W89-01445 5F 


Sludge Treatment, Utilization, and Disposal, 
W89-01474 5D 


Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 SA 


Water Clarification Processes: Practical Design 
and Evaluation, 
W89-01598 SF 


NALCO Water Handbook. 
W89-01824 5F 


Water Treatment and Reuse, 
W89-02108 5F 


Recovering Viruses from Sewage Sludges and 
from Solids in Water, 
W89-02113 5A 


Reconcentration of Viruses from Primary 
Eluates, 
W89-02117 5A 


Treatment of Water from Contaminated Wells, 
W89-02212 SF 


WATER TREATMENT FACILITIES 
Rehab for Filtration, 
W89-01348 5F 


Brief Introduction to Technical Reformation of 
Purification Facilities in Shanghai Municipal 
Waterworks Company, 

W89-01428 SF 


Water Clarification Processes: Practical Design 
and Evaluation, 
W89-01598 SF 





WATER USE 


WATER USE 
Lands and Natural Resources, 
W89-01527 6E 


NALCO Water Handbook. 
W89-01824 5F 


WATER WELLS 
Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


WATERFOWL 
Food Habits and Distribution of Wintering Can- 
vasbacks, Aythya valisineria, on Chesapeake 
Bay, 
W89-01426 2L 


Wetland Birds, 
W89-01891 2H 


WATERSHED MANAGEMENT 
Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


Improvements in Watershed Management Yield 
Enhanced Revenues, 
W89-01431 4A 


WATERSHEDS 
Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4C 


WAVES 
Modelling Long and Intermediate Waves in a 
Harbor, 
W89-01362 8B 


Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 


WEATHER MODIFICATION 
Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


WEATHERING 
Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


Weathering and Soil-Forming Processes, 
W89-01697 2J 


WEED CONTROL 
Fate and Persistence of Aquatic Herbicides, 
W89-01383 


WELL CASINGS 
Class I Injection Well Design Considerations: 
Using Fiberglass Tubulars and Epoxy Cement, 
W89-01570 8C 


Fluid Sealed Class I Injection Wells, 
W89-01573 8C 


WELL CONSTRUCTION 

Well Construction: Drilling, 
Safety, 

W89-02215 8A 


Location and 


Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


WELL DRILLING 
Cementing to Achieve Zone Isolation, 
W89-01568 SE 


Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


WELL HYDRAULICS 


Groundwater and Wells, 
W89-01766 


SU-88 


SUBJECT INDEX 


WELL MAINTENANCE 
Operation and Maintenance of Underground In- 
jection Wells, 
W89-01578 SE 


WELL REPAIR 
Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


WELL YIELD 
Interpretation of Well and Field Data in a Heter- 
ogeneous Layered Aquifer Setting, Appalachian 
Plateau, 
W89-01405 2F 


WELLS 
Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 
W89-01674 SA 


Groundwater and Wells, 
W89-01766 2F 


WEST GERMANY 
Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 


WETLAND 
Mississippi River Delta: A Natural Wastewater 
Treatment System, 
W89-01849 5D 


WETLAND TREATMENT 
Management Potential for Nutrient Removal in 
Forested Wetlands, 
W89-01853 5D 


Wetland-Wastewater Economics, 
W89-01854 5D 


Responses of Wetlands and Neighboring Eco- 
systems to Wastewater, 
W89-01856 5C 


Wetlands, Wastewater, and Wildlife, 
W89-01857 5C 


WETLANDS 
Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 
W89-01319 2H 


Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 

W89-01321 4C 


Value of Coastal Wetlands for Recreation: An 
Application of Travel Cost and Contingent 
Valuation Methodologies, 

W89-01372 6B 


Recharge-Discharge Function of Wetlands near 
Juneau, Alaska: Part II. Geochemical Investiga- 
tions, 

W89-01403 2A 


Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


Wetlands, 
W89-01800 2H 


Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. 
W89-01827 5D 


Ecological Perspectives on Wetland Systems, 
W89-01832 2H 


Water Conservation Wetland Values, 
W89-01833 


Energy Flow in Wetlands, 
W89-01834 5D 


Wastewater Input to Coastal Wetlands: Manage- 
ment Concerns, 
W89-01835 5D 


Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 sc 


Terrestrial Communities: From Mesic to Hydric, 
W89-01841 SE 


Public Health Implications of Sewage Applica- 
tions on Wetlands: Microbiological Aspects, 
W89-01843 5C 


Wildlife Health Implications of Sewage Disposal 
in Wetlands, 
W89-01844 SE 


Microbiological Studies of Municipal Waste Re- 
lease to Aquatic Environments, 
W89-01845 5D 


Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 

W89-01846 5D 


Long-Term Impacts of Agricultural Runoff in a 
Louisiana Swamp Forest, 
W89-01848 4c 


Aging Phenomena in Wastewater Wetlands, 
W89-01850 5D 


Ecological Evaluation Procedure for Determin- 
ing Wetland Suitability for Wastewater Treat- 
ment and Discharges, 

W89-01852 sD 


Management Potential for Nutrient Removal in 
Forested Wetlands, 
W89-01853 5D 


Wetland-Wastewater Economics, 
W89-01854 5D 


Use of Wetlands for Wastewater Treatment and 
Effluent Disposal: Institutional Constraints, 
W89-01855 5D 


Responses of Wetlands and Neighboring Eco- 
systems to Wastewater, 
W89-01856 5C 


Wetlands, Wastewater, and Wildlife, 
W89-01857 5C 


Wetlands for Wastewater Treatment: An Engi- 
neering Perspective, 
W89-01858 5D 


Measures to Benefit Wetland Birds, 
W89-01885 2H 


Wetland Birds, 
W89-01891 2H 


Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 

W89-02095 5D 


WETLANDS DUCKS 
Food Habits and Distribution of Wintering Can- 
vasbacks, Aythya valisineria, on Chesapeake 
Bay, 
W89-01426 2L 





WETLANDS TREATMENT 
Ecological Considerations in Wetlands Treat- 
ment of Municipal Wastewaters. 
W89-01827 5D 


Wetland Systems for Wastewater Treatment: 
Engineering Applications, 
W89-01828 5D 


Design and Use of Artificial Wetlands, 
W89-01829 2H 


Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


Considerations for Wetland Treatment of Spent 
Geothermal Fluids, 
W89-01831 5D 


Water Conservation Wetland Values, 
W89-01833 2H 


Energy Flow in Wetlands, 
W89-01834 5D 


Wastewater Input to Coastal Wetlands: Manage- 
ment Concerns, 
W89-01835 5D 


Comparisons of the Processing of Elements by 
Ecosystems, II: Metals, 
W89-01837 5D 


Effect of Natural Hydroperiod Fluctuations on 
Freshwater Wetlands Receiving Added Nutri- 
ents, 

W89-01838 5D 


Significance of Hydrology to Wetland Nutrient 
Processing, 
W89-01839 5D 


Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 5C 


Terrestrial Communities: From Mesic to Hydric, 
W89-01841 SE 


Vegetation in Wetlands Receiving Sewage Ef- 
fluent: The Importance of the Seed Bank, 
W89-01842 5D 


Public Health Implications of Sewage Applica- 
tions on Wetlands: Microbiological Aspects, 
W89-01843 5sC 


Wildlife Health Implications of Sewage Disposal 
in Wetlands, 
W89-01844 SE 


Microbiological Studies of Municipal Waste Re- 
lease to Aquatic Environments, 
W89-01845 5D 


Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 

W89-01846 5D 


SUBJECT INDEX 


Mississippi River Delta: A Natural Wastewater 
Treatment System, 
W89-01849 5D 


Aging Phenomena in Wastewater Wetlands, 
W89-01850 


Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


Ecological Evaluation Procedure for Determin- 
ing Wetland Suitability for Wastewater Treat- 
ment and Discharges, 

W89-01852 5D 


Use of Wetlands for Wastewater Treatment and 
Effluent Disposal: Institutional Constraints, 
W89-01855 


Wetlands for Wastewater Treatment: An Engi- 
neering Perspective, 
W89-01858 5D 


WILD AND SCENIC RIVERS 
Wild and Scenic Rivers: Conservation and Natu- 
ral Water Amenities, 
W89-01877 6F 


WILDLIFE 
Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 5C 


Wildlife Health Implications of Sewage Disposal 
in Wetlands, 
W89-01844 SE 


Wetlands, Wastewater, and Wildlife, 
W89-01857 5C 


WILDLIFE HABITATS 
Habitat Conservation Plans under the Endan- 
gered Species Act, 
W89-01516 6E 


WISCONSIN 
Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 5A 


Wisconsin Groundwater Quality Standards: Can 
Wastewater Land Treatment Systems Meet 
Them, 

W89-02080 6E 


Administration of the Fish Contaminant Pro- 
gram in a Decentralized State Agency, 
W89-02150 6E 


Risk Considerations in Pesticide Public Policy 
Decision Making in Wisconsin, 
W89-02214 6A 


Wisconsin Programs on Groundwater Pollution 
Liability, 
W89-02217 6E 


ZOOPLANKTON 


WYOMING 
Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


X-RAY FLUORESCENCE 
Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


XANTHATES 
Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 
W89-02086 5D 


XENOBIOTIC COMPOUNDS 
Fate of Pollutants, 
W89-01501 5B 


Resource Competition Modeling of the Impacts 
of Xenobiotics on Biological Communities, 
W89-01897 5C 


YAKIMA RIVER 
Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 81 


YUNNAN PROVINCE 
Protection of the Plateau Lakes in Yunnan Prov- 
ince, 
W89-02194 5G 


ZIMBABWE 
Rainfall - Runoff - Recharge Relationships in the 
Basement Rocks of Zimbabwe, 
W89-02245 2B 


ZINC 
Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 
W89-01794 5C 


Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


ZOOPLANKTON 
Bacterial Activity in a Reservoir Determined by 
Autoradiography and its Relationships to Phyto- 
and Zooplankton, 
W89-01277 2H 


Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 

W89-01279 5C 


Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


Zooplankton Community Responses to Synthet- 
ic Oil Exposure, 
W89-01798 5C 


Why Round-Robin Testing with Zooplankton 
Often Fails to Provide Acceptable Results, 
W89-01918 5A 








ABBASI, S. A. 
Atomic Absorption Spectrometric and Synergis- 
tic Spectrophotometric Microdetermination of 
Hafnium in Alloys and Environmental Samples, 
W89-01526 5A 


ABDULRAZZAK, M. J. 
Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


ABEL, P. D. 
Sublethal Toxicity and Accumulation of Cadmi- 
um in Tilapia aurea, 
W89-01398 5C 


ABERNATHY, A. R. 
Land Application of Wastewater, 
W89-01479 5D 


ABERNETHY, C. S. 
Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 
W89-01939 5C 


Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 sc 


ABRACOSA, R. 
Lessons from EIA for Bicol River Development 
in Philippines, 
W89-01367 6G 


ACAR, Y. B. 
Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


ADAMOWITZ, D. 
Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 
W89-02280 5D 


ADAMS, K. B. 
Stabilization of a Thermally Sensitive Nitro- 
Compound Waste, 
W89-02014 SE 


ADAMS, V. D. 
Organics, 
W89-01465 SA 


Sensitized Photooxidation of Bromacil: Pilot, 
Bench, and Laboratory Scale Studies, 
W89-02057 5D 


ADAMS, W. J. 
Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 

W89-01600 TA 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 SA 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 5A 


Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 
W89-01936 5A 


AUTHOR INDEX 


ADASKA, W. S. 
Soil-Cement Liners, 
W89-01633 8D 


ADENIJI, K. 
Urban Growth and Water Borne Diseases in 
Ibadan, 
W89-01433 5B 


AFANASYEYV, S. A. 
Structure of Periphytic Communities in Cooling 
Pond of Nuclear Power Plant, 
W89-01273 2H 


AHLERT, R. C. 
Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 
W89-02082 5B 


AHLERT, W. K. 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 5C 


AHMAD, M. U. 
Earthquakes, Injection Wells, and the Perry Nu- 
clear Power Plant, Cleveland, Ohio, 
W89-01335 8E 


AINSWORTH, C. C, 
Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


AL-KABIR, M. 
Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


AL-LAYLA, M. A. 
Impact of Mosul Textile Factory Effluents on 
Tigris River Water Quality, 
W89-01326 5B 


AL-MASRI, N. 
Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


AL-MUZAINI, S. 
Removal of Selected Priority Pollutants Using a 
Pilot-Scale Modified Activated Sludge — 
W89-02062 


AL-RAWI, S. M. 
Impact of Mosul Textile Factory Effluents on 
Tigris River Water Quality, 
W89-01326 5B 


ALASAARELA, E. 
Effects of Short-Term Regulation by Power 
Plants on Erosion and Water Quality of a River, 
W89-01755 6G 


ALBERO, M. C. 
Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 
W89-02247 2F 


ALBERS, H. 
Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 


ALLARD, R. 
Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


ALLEMAN, B. C. 
Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 
W89-02020 5D 


ALLEMAN, J. E. 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


ALLEN, H. E. 
Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


ALLEN, S. 
Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 5C 


ALLISON, G. B. 
Review of Some of the Physical, Chemical and 
Isotopic Techniques Available for Estimating 
Groundwater Recharge, 
W89-02227 2F 


ALLISON, H. 
Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


ALLISON, R. C. 
Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 SE 


ALTHER, G. 
Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


AMSTUTZ, R. W. 
Deep-Well Disposal Formations, A Valuable 
Resource, 


W89-01689 SE 


AMY, G. L. 
Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 
'W89-02020 5D 


ANDERSEN, P. F. 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


ANDERSON, D. C. 
Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 7B 


ANDERSON, E. L. 
Risk Assessment/Risk Management as a Toxic 
Control Strategy, 
W89-02167 6A 


ANDERSON, J. H. 
Agriculture and Natural Resources: The Broad- 
ening Horizon, 
W89-02197 6A 


ANDERSON, M. R. 
Dissolution of Residual Dense Non-Aqueous 
Phase Liquid (DNAPL) From a Saturated 
Porous Medium, 
W89-01555 5B 


ANDERSON, R. S. 
Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
Wws89-01911 

ANDREN, A. W. 
Transfer of Toxic Substances at the Air/Water 
Interface: The Great Lakes, 
W89-02169 5B 


ANGEL, M. A. 
Biotransformation of Benzo(a)pyrene by Mer- 
cenaria mercenaria and Crassostrea virginica, 
ws89-01911 


PA-1 





ANNETT, C. S. 


ANNETT, C. S. 
Groundwater Monitoring: An Overview from 
Field Drilling to Laboratory Analysis, 
W89-02209 5A 


APSIMON, J. W. 
Chemistry of the Cyclodiene Insecticides, 
W89-01972 5A 


ARAFAT, R. R. 
Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 
W89-01525 ty 


ARATANI, T. 
Variation in Properties of Sewage Sludge, 
W89-01302 


ARLOTIA, S. V. 
Subsurface Pollution Containment Using a Com- 
posite System Vertical Cutoff Barrier, 
W89-01614 5G 


ARMENGOL, J. 
Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


ARMITAGE, P. 
Classification of Tailwater Sites Receiving Re- 
sidual Flows from Upland Reservoirs in Great 
Britain, Using Macroinvertebrates Data, 
W89-01745 6G 


ARTHUR, J. W. 
Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 
W89-01966 5G 


ARVOLA, L. 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 5C 


ASANO, T. 
Wastewater Reclamation and Reuse, 
W89-01478 3C 


ASH, C. 
Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 
W89-01531 5G 


ASH, C. G. 
Environmental Conditions for Water Resources 
Projects, 
W89-01991 6G 


ATHAVALE, R. N. 
Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 
W89-02235 2F 


Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 

W89-02234 7B 


AUSLEY, L. W. 
Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 a 


AUSSEIL-BADIE, J. 

Influence of Tropical Environment Conditions 
on the Morphology and Chemical Composition 
of the Test of Foraminifera (Gen. Ammonia) 
(Influence des Environnements Intertropicaux 
sur la Morphologie et la Composition Geochimi- 
que de Tests de Foraminiferes (Genre Ammonia) 
du Senegal), 

W89-01357 2L 


PA-2 


AUTHOR INDEX 


AUSTIN, T. P. 
Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


AXLER, R. P. 
Evaluation of Simple Generic Aquatic Ecosys- 
tem Tests to Screen the Ecological Impacts of 
Pesticides, 
W89-01791 5C 


BABA, K. 
Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 
W89-01303 5B 


BACHU, S. 
Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 
W89-01587 2F 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


BACKMAN, R. C. 
Chemical Enhancement and Depression of 


Oxygen Transfer in Industrial Wastewaters, 
W89-02059 5D 


BAGCHI, A. 
Improving Stability of a Paper Mill Sludge, 
W89-02021 


BAHR, J. M. 
Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


BAILEY, B. 
Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 
W89-01629 5G 


BAILEY, R. C. 
Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 
W89-01931 SA 


BAIR, R. 
Start-Up and Operation Results from SBR 


Treatment of a Meat Processing Wastewater, 
W89-02053 5D 


BAKER, J. E. 
Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


BALBONI, M. A. 
Effect of Diet on Copper Toxicity to Neanthes 
arenaceodentata (Annelida: Polychaeta), 
W89-01920 5C 


BALDERAS, R. A. 
Anomalies in Oil and Grease Analyses of Petro- 


leum Wastewaters and Their Implications, 
W89-02023 5A 


BALDOCK, D. 
Pollution Hazards of Agriculture, 
W89-02185 


BALEK, J. 
Groundwater Recharge Concepts, 
W89-02224 2F 


BALEUX, B. 
New Selective Agar Medium for Recovery of 
Staphylococcus aureus in Waters (Utilisation 
d’un nouveau milieu de culture selectif pour 
lisolement de Staphylococcus aureus dans dif- 
ferents types d’eau), 
W89-01310 5A 


BALL, R. O. 
Cost Allocation at Superfund Sites, 
W89-02009 5G 


BALTZIS, B. 
Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 
W89-02282 5D 


BANDY, J. T. 
Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 
W89-02262 5D 


BANERJL, S. K. 
Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


BANGERT, S. 
Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in Iowa, 
W89-02011 5B 


BARDACH, J. E. 
Riverine and Other Tropical Lakes and Their 
Fisheries, 
W89-02143 2H 


BARKER, J. F. 
Natural-Gradient Tracer Study of Dissolved 
Benzene, Toluene and Xylenes in Ground 
Water, 
W89-01676 5B 


Nitrate Remediation of Gasoline Contaminated 
Ground Waters: Results of a Controlled Field 
Experiment, 

W89-01539 5G 


BARNTHOUSE, L. W. 
Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 5C 


Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5C 


BARTELL, S. M. 
Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5C 


BARTOLDI, A. J. 
Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 
W89-02015 5D 


BASMACT, Y. 
Groundwater Recharge over Western Saudi 
Arabia, 
W89-02248 2F 


Recharge Characteristics of Aquifers of Jeddah- 
Makkah-Taif Region, 
W89-02246 2F 


BASTIAN, R. K. 
Wetlands for Wastewater Treatment: An Engi- 
neering Perspective, 
W89-01858 5D 


BATCHELDER ADAMS, L. A. 
Solids Settling Variability in Activated Sludge 
Secondary Clarifiers: Effect on Operation and 
Capacity, 
W89-02061 5D 


BATES, J. M. 
Sampling Effort Required to Find Rare Species 
of Freshwater Mussels, 
W89-01602 TA 








BATES, M. H. 
Land Farming of Reserve Pit Fluids and 
Sludges: Fates of Selected Contaminants, 
W89-01460 5B 


BAUDO, R. 
Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


Case Study on the Fate of Heavy Metals: Lake 
Maggiore, Italy, 
W89-02173 5B 


BAUER, B. 
Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 
W89-01313 2H 


BAUMANN, M. 
Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 
W89-01453 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
strate, 

W89-01454 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 3. Synergisms with other Sludge 
Bacteria, 

W89-01455 5D 


BAY, S. M. 
Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 


ity, 
W89-01953 5B 


BAYLEY, S. E. 
Effect of Natural Hydroperiod Fluctuations on 
Freshwater Wetlands Receiving Added Nutri- 
ents, 
W89-01838 5D 


BEANLANDS, G. E. 
In Situ Contaminants and Environmental Assess- 
ment: An Ecological Summary, 
W89-01725 3% 


BEAR, J. 
Modeling Groundwater Flow and Pollution: 
With Computer Programs for Sample Cases, 
W89-01810 2F 


BEATTY, H. R. 
Macrobenthic Communities from Wetland Im- 
poundments and Adjacent Open Marsh Habitats 
in South Carolina, 
W89-01425 2L 


BEAUJEAN, A. 
Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


BEAUSHAW, G. 
Start-Up and Operation Results from SBR 
Treatment of a Meat Processing Wastewater, 
W89-02053 5D 


BEDFORD, K. 
Turbulence Modeling of Surface Water Flow 
and Transport: Part I, 
W89-01412 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part II, 
W89-01413 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part V, 
W89-01416 2E 


BEDIENT, P. B. 
Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 
W89-01556 5B 


Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 7c 


Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


BEDWELL, W. B. 
Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


BEECHER, H. A. 
Simulating Trout Feeding Stations in Instream 
Flow Models, 
W89-01741 2H 


BEETON, A. M. 
Role of Research in Management of the Lauren- 
tian Great Lakes, 
W89-02190 6A 


BEGAVICH, J. M. 
Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 
W89-02087 5D 


BELANGER, D. W. 
Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


BELL, P. R. F. 
Biofilm Characteristics in a Fluidized-Bed Bior- 
eactor, 
W89-02017 5D 


BENEDEK, A. 
Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 
W89-01638 5A 


BENEFIELD, B. G. 
Mechanical Integrity Research, 
W89-01575 8C 


BENFIELD, E. F. 
Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4C 


BENGEYFIELD, B. 
Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 
W89-01756 2H 


BENNER, R. 
Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 
W89-01846 sD 


BENNETT, J. R. 
Physics of Sediment Transport, Resuspension, 
and Deposition, 
W89-01715 2J 


BENNETT, K. E. 
Chemical Fate of Injected Wastes, 
W89-01590 


BHAMIDIMARRI, S. M. R. 


BENNETT, M. B. 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


BENTLEY, M. E. 
Risk Assessment of Deep Well Injection Sys- 
tems, 
W89-01688 SE 


Site Suitability for Waste Injection, Vickery, 
Ohio, 
W89-01580 SE 


Subsurface Injection in Ontario, Canada, 
W89-01582 2F 


BERG, N. A. 
Strategies for Control of Non-Point Source Pol- 
lution, 
W89-02186 5G 


BERGMAN, M. S. 
Detection and Delineation of a Fuel Oil Plume 
in a Layered Bedrock Deposit, 
W89-01547 TA 


BERGSTROM, I. 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 xs 


BERISH, C, W. 
Trace Metals in the Atmosphere, Forest Floor, 
Soil, and Vegetation, 
Wws89-01711 5C 


BERLY, A. 
Impact of Large Discharge Fluctuations on the 
Macroinvertebrate Populations Downstream of 
a Dam, 
W89-01746 6G 


BERNDT, C. L. 
Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
W89-02069 5D 


BERNHARDT, H. 
Future Research for the Production of Drinking 
Water, 
W89-01432 SF 


BERRY-SPARK, K. 
Nitrate Remediation of Gasoline Contaminated 
Ground Waters: Results of a Controlled Field 
Experiment, 
W89-01539 5G 


BERRYHILL, W. 
Nonpoint Sources, 
W89-01495 5G 


BERTHAULT, G. 
Sedimentation of a Heterogranular Mixture: Ex- 
perimental Lamination in Still and Running 
Water, 
W89-01511 2 


BERTHOUEX, P. M. 
Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


BEST, D.C. 
Water Rights at the National and Regional 
Level, 
W89-01876 6E 


BHAMIDIMARRI, S. M. R. 
Biofilm Characteristics in a Fluidized-Bed Bior- 
eactor, 
W89-02017 5D 


PA-3 





BHATTACHARYA, S. K. 


BHATTACHARYA, S. K. 
Toxicity of Nickel in Methane Fermentation 
Systems: Fate and Effect on Process Kinetics, 
W89-02272 5D 


BIDDINGER, G. R. 
Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 
W89-01943 SA 


BIDLEMAN, T. F. 
Toxaphene: Usage, Aerial Transport and Depo- 
sition, 
W89-02133 5B 


BIGGS, B. J. F. 
Periphyton, 
W89-01887 2H 


BILJETINA, R. 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


BILLI, G. 
Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 


BILLS, T. D. 
Control of Nuisance Populations of Crayfish 
with Traps and Toxicants, 
W89-01345 8I 


BILYARD, G. R. 
Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


BINKLEY, D. 
Forest Soils and Acid Deposition: An Overview 
and Synthesis, 
W89-01818 5B 


BINKLEY, P. E. 
Ground Water Monitoring Experience at a Re- 
finery Land Treatment Unit, 
W89-01546 1A 


BISHOP, D. F. 
Biological Treatment of Toxics in Wastewater: 
The Problems and Opportunities, 
W89-02268 5D 


Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 


BISHOP, P. L. 
Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 
W89-02273 5D 


Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 SA 


BISSETT, D. W. 
Overview of the Effectiveness of Canadian 
Chlor-Alkali Mercury Regulations, 
W89-02135 5G 


BITTON, G, 
Recovering Viruses from Soils and Aquatic 
Sediments, 
W89-02115 5A 


BLACHUT, §. P. 
Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 
W89-01756 2H 


BLACK, J. J. 


Fish Tumors as Known Field Effects of Con- 
taminants, 
W89-02125 5C 


PA-4 


AUTHOR INDEX 


Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 5A 


BLACK, S. 
Design and Use of Artificial Wetlands, 
W89-01829 2H 


BLACKMER, A. M. 
Losses and Transport of Nitrogen from Soils, 
W89-02201 


BLAHA, F. J. 
Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


BLAIR, J. E. 
Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 
W89-02015 5D 


BLANC, F. C. 
Chemical Enhancement and Depression of 


Oxygen Transfer in Industrial Wastewaters, 
W89-02059 


Enhanced Treatment of High Strength Soft 
Drink Bottling Wastewaters, 
W89-02066 5D 


Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


BLESSING, R. L. 
Chemicals and Allied Products, 
W89-01492 5D 


BLOOM, J. 
Deeper Problems: Limits to Underground Injec- 
tion as a Hazardous Waste Disposal Method, 
W89-01565 SE 


BLOSS, S. 
Modeling Turbulent Transport in Stratified Es- 


tuary, 
W89-01419 5B 


BOARDMAN, G. D. 
Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 5A 


BONE, L. I. 
Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 TA 


BONIOL, D. P. 
Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 
W89-01670 5B 


BONK, R. R. 
Precipitation Treatment of Spent Electroless 
Nickel Plating Baths, 
W89-02088 5D 


BONKOSKI, W. A. 
Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 
W89-02071 sD 


BOONSINSUK, P, 
Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 


BOOTH, C, J. 
Interpretation of Well and Field Data in a Heter- 
ogeneous Layered Aquifer Setting, Appalachian 
Plateau, 
W89-01405 2F 


BORING, L. R. 
Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4C 


BORTHWICK, P. W. 
Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 
W89-01905 sc 


BORUP, M. B. 
Fruit, Grain, and Vegetable Wastes, 
W89-01483 5D 


BOTTS, J. A. 
Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 5D 


BOTTS, L. 
Transboundary Management of Large Lakes: 
Experience with the Great Lakes of North 
America, 
W89-02179 6E 


BOTZ, M. K. 
Practical Methodology for Processing and Vali- 
dation of Water Quality Data, 
W89-01684 7B 


BOUCHARD, D. C. 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 
W89-01328 5B 


BOUGH, W. A. 
Anaerobic Treatment of Dairy Wastewater, 
W89-02073 5D 


BOUTWELL, S. H. 
Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 
W89-01533 6E 


BOVE, J. A. 
Geosynthetics: Cleanup Tools, 
W89-01346 8G 


Geosynthetics for Use in Waste Facilities, 
W89-02043 5G 


BOWEN, P. T. 
Sludge Treatment, Utilization, and Disposal, 
W89-01474 


BOWERS, N. J. 
Substrate Associated Microbiota, 
W89-01505 5C 


BOWSER, C. B. 
Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 
W89-01601 7A 


BOYCE, A. R. 
Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


BOYLE, P. 
Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 
W89-02280 5D 


BOYLE, W. C, 
Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


BOYNTON, S. S. 
Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 7B 


BRABRAND, A. 
Predicting the Effects of a Possible Temperature 
Increase Due to Stream Regulation on the Eggs 





of Whitefish (Coregonus lav aretus) - A Labora- 
tory Approach, 
W89-01750 5c 


BRADBROOK, A. J. 
Environmental Controls 
Energy Exploitation, 
W89-01528 6G 


BRASWELL, J. W. 
Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 


BRECK, J. E. 
Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 5C 


BREDENKAMP, D. B. 
Quantitative Estimation of Ground-Water Re- 
charge in Dolomite, 
W89-02252 2F 


over Geothermal 


Quantitative Estimation of Ground-Water Re- 
charge in the Pretoria-Rietondale Area, 
W89-02253 2F 


BRENNAN, K. M. 
Effects of Wastewater on Wetland Animal Com- 
munities, 
W89-01840 5C 


BRENNAN, M. J. 
Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


BRETELER, R. J. 
Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 
W89-01958 5B 


BRICHFORD, S. L. 
Nonpoint Sources, 
W89-01495 5G 


BRICKA, R. M. 
Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 
W89-02086 5D 
BRIDLE, T. R. 
Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 


erties, 
W89-01638 5A 


BRIL, J. 
Sediments as a Source for Contaminants, 
W89-01716 5B 


BRILL, V. 
How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 
W89-01668 5B 


BRIMBLECOMBE, P. 
Loss of Halide and Sulphate Ions from Melting 


Ice, 
W89-01447 5B 


BRINSON, M. M, 
Management Potential for Nutrient Removal in 
Forested Wetlands, 
W89-01853 5D 


BRITTAIN, J. E. 
Stoneflies and River Regulation - A Review, 
W89-01744 2H 


BROADY, P. A. 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 
W89-01274 2H 


AUTHOR INDEX 


BROGUEIRA, M. J. 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


BROOKS, C. S. 
Nickel Metal Recovery from Metal Finishing 
Industry Wastes, 
W89-02089 5D 


BROOKS-MCAULILFFE, M. B. 
Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


BROOKS, R. E. 
Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


BROWER, R. D. 
Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


BROWN, D. A. 
Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 


ity, 
W89-01953 5B 


BROWN, D. J. 
County Leadership for Groundwater Concerns, 
W89-02218 


BROWN, D. R. 
Subsurface Injection in Ontario, Canada, 
W89-01582 2F 


BROWN, D. W. 
Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 = 


BROWN, G. J. 
Anaerobic Treatment of Dairy Wastewater, 
W89-02073 


BROWN, H. E. 
Recent Developments in the Law of the Sea 


1986, 
W89-01518 6E 


BROWN, R. T. 
Characterizing the Influence of Natural Varia- 
bles During Environmental Impact Analysis, 
W89-01604 7 


BROWN, T. M. 
Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 SA 


BRUBAKER, I. M. 
Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


BRUELL, C. J, 
Electro-Osmotic Removal of Benzene From a 
Water Saturated Clay, 
W89-01538 5G 


BRYANT, C, W. 
Lagoons, Ponds, and Aerobic Digestion, 
W89-01472 


Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 

W89-02020 5D 


BUIKEMA, A. L. 
Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 SC 


BUMB, A. C, 
Vadose Model of Gasoline Leak, 
W89-01561 5B 


BUNN, L. L. 
Implementation of an Aqueous Waste Substitu- 
tion Project at Giant Cement Company and 
Compliance with the Associated Permits by 
South Carolina Department of Health and Envi- 
ronmental Control, 
W89-02048 3C 


BURGESS, P. D. 
Spent Caustic Treatment and Disposal, 
W89-02047 5D 


BURKS, S. L. 
Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 
W89-01950 5A 


BURNS, C. W. 
Submissions, Recommendations and Objections: 
The Nature Conservation Council’s Experience, 
W89-01878 6E 


BURR, J. L. 
Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 
W89-02095 5D 


BURTON, G. A. 
Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 SA 


BUSHWAY, M. H. 
Implementation of an Aqueous Waste Substitu- 
tion Project at Giant Cement Company and 
Compliance with the Associated Permits by 
South Carolina Department of Health and Envi- 
ronmental Control, 
W89-02048 3c 


BUTTRAM, J. R. 
Operation and Maintenance of Underground In- 
jection Wells, 
W89-01578 SE 


BYBEE, E. 
Anaerobic Treatment of Dairy Wastewater, 
W89-02073 5D 


CABECADAS, G. 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


CADENA, F. 
Use of Tailored Clays for Selective Adsorption 
of Hazardous Pollutants, 
W89-02018 5D 


CADWALLADER, M. W. 
Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


CAI, T. 

Immobilized Mixed Microbial Cells for 
Wastewater Treatment, 

W89-02065 sD 


CAIRNCROSS, S. 
Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 SF 


CAIRNS, J. 
Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 $C 


PA-5 





CAIRNS, J. 


Developing a Sampling Strategy, 
W89-01611 TA 


Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 

W89-01795 5A 


Factors Affecting the Acceptance and Rejection 
of Genetically Altered Microorganisms by Es- 
tablished Natural Aquatic Communities, 

W89-01908 5B 


Predicting, Validating and Monitoring Effects of 
Toxics on Large Lake Ecosystems, 
W89-02153 5C 


CALABRIA, C. R. 
Principles of Bioreclamation of Contaminated 
Ground Water and Leachates, 
W89-01644 5G 


CALLOW, L. T. L. 
Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


CALVIN, D. W. 
Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 


CAMPBELL, K. W. 
Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 
ment, 
W89-01687 5B 


CAMPBELL, P. G. C. 
Partitioning of Trace Metals in Sediments: Rela- 
tionships with Bioavailability, 
W89-01718 5B 


CAPEL, P. D. 


Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


CARFAGNO, D. G. 
Environmental Monitoring at Mound: 
Report, 
W89-01779 5B 


CARLE, D. O. 
Effects of Pollution on Freshwater Organisms, 
W89-01502 sc 


1986 


CARLING, P. A. 
Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 
W89-01751 2J 


CARPENTER, G. 
Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 
W89-02205 5B 


CARTER, J. L. 
Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 
W89-01607 71C 


CASAMITJANA, X. 
Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


CASKEY, W. H. 
Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4C 


CASOLA, E. 
Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


PA-6 


CASSIDY, R. A. 
Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 
W89-01759 2H 


CASTLE, R. G. 
Radioactivity in Water Supplies, 
W89-01352 5F 


CASTRILLO, E. 
Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 
W89-02247 2F 


CECH, I. 
Radon Distribution in Domestic Water of Texas, 
W89-01401 


CEROICTI, W. J. 
Ground Water Contamination Associated with 
Waste Disposal into a Water-Filled Open-Pit 
Coal Mine, 
W89-01683 5B 


CHAFFAUT, I. 
Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 
W89-01317 2F 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


CHAI, C. Y. 
Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


CHAMEAU, J. L. 
Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


CHAN, P. 
Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


CHANDIN, T. 
Changes in Food (Chlorella) Levels and the 
Acute Toxicity of Cadmium to Daphnia carinata 
(Daphnidae) and Echinisca triserialis (Marcoth- 
ricidae) (Crustacea: Cladocera), 
W89-01397 5c 


CHANDRASEKHARAN, H. 
Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 
W89-02236 2F 


CHANG, M. 
Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from  Pilating 
Wastewater, 
W89-02085 5D 


CHANG, S. -Y. 
Systems Analysis, 
W89-01461 6A 


CHAO, A. C, 
Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


CHAPMAN, H. 
Recent Sewage Financing in Pennsylvania, 
W89-01292 6C 


CHAPMAN, P. M. 
Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 
W89-01952 5C 


CHAPUIS, R. P. 
Design and Performance of a Large Disposal 
Field (Conception et performance d’un champ 
d’epandage de grandes dimensions), 
W89-01338 SE 


CHARBENEAU, R. J. 
Focus on Research Needs, 
W89-01597 5E 


CHARLSON, R. J. 
Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


CHAU, A. S. Y. 
Basic Principles and Practices on the Analysis of 
Pesticides, 
W89-01970 SA 


Carbamate Pesticides, 
W89-01978 5A 


Organochlorine Pesticides, 
W89-01974 5A 


Organophosphorus Pesticides, 
W89-01975 5A 


Phenoxyalkyl Acid Herbicides (CPHs), 
W89-01976 5A 


Positive Identification of Pesticide Residues by 
Chemical Derivatization-Gas Chromatographic 
Technique, 

W89-01971 5A 


CHEN, Y. S. 
Spent Caustic Treatment and Disposal, 
W89-02047 5D 


CHERRYHOLMES, K. L. 
Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


CHESTERS, G. 
Handbook of Nonpoint Pollution: Sources and 
Management, 
W89-01822 5B 


CHEUNG, P. S. 
Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


CHIANG, W.-L. 
Modelling Long and Intermediate Waves in a 
Harbor, 
W89-01362 8B 


CHIBA, K. 
Effect of Oxygen on the Growth of Young Ayu, 
(in Japanese), 
W89-01509 2H 


CHIDA, S. 
Marketing Sludge Compost in Japan, 
W89-01294 


CHIESA, S. C. 
Fermentation Industry, 
W89-01484 5D 


CHIN, D. A. 
Spatial Correlation of Hydrologic Time Series, 
W89-01371 7 


CHIOU, C. T. 
Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 





CHONG, N. M. 
Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


CHRISTIE, D. R. 
Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


CHRISTOPHER, B. R. 
Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 
W89-01618 8F 


CHU, T. J. 
Power Industry Wastes, 
W89-01490 5G 


CICCOLO, V. M. 
Seattle Metro’s Industrial Pretreatment Pro- 
gram: A Case Study for Regulation of the 
Boeing Commercial Airplane Company, 
W89-02007 5D 


CIPOLLARO, M. 
Sea Urchin: Bioassay for the Assessment of 


Damage from Environmental Contaminants, 
W89-01787 


CLAFLIN, L. W. 
Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 5A 


CLARK, D. A. 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 
W89-01328 5B 


CLARK, J. E. 
Flow and Containment of Injected Wastes, 
W89-01589 5E 


CLARK, J. R. 
Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 
W89-01905 5C 


Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5C 


CLARK, R. M. 
Treatment of Water from Contaminated Wells, 
W89-02212 5F 


CLEGG, S. L. 
Loss of Halide and Sulphate Ions from Melting 
Ice, 

W89-01447 5B 


CLIFFORD, D. 
Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


CLINE, L. D. 
Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


COFER-SHABICA, S. V. 
Finite Element Characteristic Advection Model, 
W89-01418 5B 


COGSWELL, C. 
Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 5C 


COLE, F. A. 
Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 SA 


AUTHOR INDEX 


COLE, G. A. 
Towards a Rational Assessment of Residual 
Flows Below Reservoirs, 
W89-01754 2E 


COLEMAN, C. J. 
Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 
W89-01825 2L 


COLEMAN, E. J. 
Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 
W89-01540 5G 


COLLINS, C. J. 
Wild and Scenic Rivers: Conservation and Natu- 
ral Water Amenities, 
W89-01877 6F 


COLTHART, J. D. 
Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


COLVIN, R. J. 
High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


COLWELL, R. R. 
Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 
W89-01909 5C 


COMALANDER, D. R. 
Groundwater Quality, 
'W89-01499 5B 


CONDREN, A. J. 
Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
W89-02050 5D 


CONLEY, J. 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


CONLIN, B. H. 
Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


CONNELL, D. W. 
Bioaccumulation Behavior of Persistent Organic 
Chemicals with Aquatic Organisms, 
W89-01386 5B 


Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 

W89-01448 5B 


CONQUEST, L. L. 
Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 5A 


CONRAD, G. W. 
Heavy Metal Effects on Cellular Shape 
Changes, Cleavage, and Larval Development of 
the Marine Gastropod Mollusk (Ilyanassa obso- 
leta Say), 
W89-01299 5C 


CONSTABLE, T. W. 
Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


CONWAY, M. F. 
Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 
W89-01533 6E 


COTRUVO, J. 


COOKE, J. E. 
Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-01353 5B 


COOKE, J. G. 
Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 
W89-01446 7B 


COOPER, D. R. 
Lake Darling Spillway, Souris River, North 
Dakota: Hydraulic Model Investigation, 
W89-01769 8A 


COOPER, I. A. 
Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
W89-02050 5D 


COOPER, R. M. 
Three-Dimensional, Cross-Semivariogram Cal- 
culations for Hydrogeological Data, 
W89-01410 7C 


COOPER, R. N. 
Irrigation of Pasture with Meat-Processing Plant 
Effluent, 
'W89-02055 SE 


COPEDGE, D. 
Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from Plating 
Wastewater, 
W89-02085 5D 


COPELAND, R. R. 
Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 
W89-01814 2J 


CORAK, S. J. 
Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 
W89-02206 5G 


CORFIELD, M. A. 
Sand Rights: Using California's Public Trust 
Doctrine to Protect Against Coastal Erosion, 
W89-01519 6E 


CORNABY, B. W. 
Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


CORNILS, W. J. 
Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


CORR, S. H. 
Enhanced Treatment of High Strength Soft 
Drink Bottling Wastewaters, 
W89-02066 5D 


CORSALE, G. 
Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 sc 


COTE, P. 
Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 
erties, 
W89-01638 5A 


COTRUVO, J. 
Drinking Water Standards: Their Derivation 
and Meaning, 
W89-02210 5G 





COVERT, D. S. 


COVERT, D. S. 
Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


COVINGTON, A. K. 
Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 
W89-01295 7B 


COWAN, B. W. 
Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


COWAN, C. E. 
Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 
W89-01927 5A 


COWGILL, U. M. 
Why Round-Robin Testing with Zooplankton 
Often Fails to Provide Acceptable Results, 
W89-01918 SA 


CRAIG, P. L. 
Fluid Sealed Class I Injection Wells, 
W89-01573 


CRAVENS, J. B. 
Thermal Effects, 
W89-01500 5C 


CRAWFORD, D. V. 
Cooperative Effort to Remediate a Historical 
PCB Disposal Site, 
W89-02010 5G 


CRAWLEY, W. 
Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


CREECH, J. R. 
Class I Injection Well Design Considerations: 
Using Fiberglass Tubulars and Epoxy Cement, 
W89-01570 8C 


CRERAR, S. 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


CRIPE, G. M. 
Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 
W89-01926 5C 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5c 


CRISP, D. T. 
Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 
W89-01747 6G 


CRISP, P. D. 
Submissions, Recommendations and Objections: 
The Nature Conservation Council’s Experience, 
W89-01878 6E 


CROCKER, M. T. 
Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


CROCKER, P. A. 
Lake and Reservoir Management, 
W89-01497 5G 


CROSS, F. A. 
Implications of Waste Disposal 
Waters on Fish Populations, 
W89-01954 5c 


in Coastal 


PA-8 


AUTHOR INDEX 


CROSSLEY, D. A. 
Introduction and Site Description, 
W89-01692 2A 


Soil Arthropods and Their Role in Decomposi- 
tion and Mineralization Processes, 
. W89-01702 2G 


CROUSE, D. A. 
Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 
W89-01825 2L 


CRYAN, A. P. 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 sc 


CULLINANE, M. J. 
Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 
W89-02086 5D 


Managing Contaminated Dredged Material: Ap- 
plication, 
W89-01359 5G 


Procedure for Managing Contaminated Dredged 
Material, 
W89-01358 5G 


CUMBIE, P. M. 
How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


CUNNINGHAM, G. B. 
Climatology and Hydrology, 
W89-01694 2A 


CUNNINGHAM, V. L. 
Effect of Natural Water Source on the Toxicity 
of Chemicals to Aquatic Microorganisms, 
W89-01925 SA 


CUSSLER, E. L. 
GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


D’'ITRI, F. M. 
Contaminants in Selected Fishes from the Upper 
Great Lakes, 
W89-02140 5B 


DALEZIOS, N. R. 
Objective Rainfall Evaluation in Radar Hydrol- 


ogy, 
W89-01368 7C 


DALY, D. S. 
Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 
W89-01939 5C 


DAMIANTIL, V. 
Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


DANCHUK, B. 
“Who’s on First’ with Right to Know, 
W89-01291 6E 


DANE, L. 
Source Reduction Technical Assistance: A Pilot 
Project and its Implications for the Chemical 
Industry, 
W89-01343 5G 


DANEK, L. J. 
Contributions of Urban Activities to Toxic Con- 
tamination of Large Lakes, 
W89-02157 5B 


DANIEL, D. E. 
Field Permeability Test for Clay Liners, 
W89-01631 7B 


Fixed-Wall Versus Flexible-Wall Permeameters, 
W89-01620 


DANIELS, L. 
Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 5D 


DARLING, W. G. 
Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


DAUBLE, D. D. 
Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 
W89-01939 5C 


DAVIES, B. E. 
Consequences of Environmental Contamination 
by Lead Mining in Wales, 
W89-01733 5B 


Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


DAVIES, K. 
Human Exposure Routes to Persistent Toxic 
Chemicals in the Great Lakes Basin: A Case 
Study, 
W89-02130 5B 


DAVIES, T. D. 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


DAVIS, G. E. 
Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 
W89-01799 x 


DAVIS, K. E. 
Factors Effecting the Area of Review for Haz- 
ardous Waste Disposal Wells, 
W89-01572 SE 


Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 

W89-01577 SE 


DAVIS, M. L. 
Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from Plating 
Wastewater, 
W89-02085 5D 


DAVIS, S. F. 
Fish and Fisheries, 
W89-01890 8I 


DAVIS, S. N. 
Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


DAVIS, W. S. 
Aquatic Sediments, 
W89-01504 5B 


DAWSON, C. 
Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


DAWSON, T. J. 
Risk Considerations in Pesticide Public Policy 
Decision Making in Wisconsin, 
W89-02214 6A 





Wisconsin Programs on Groundwater Pollution 

Liability, 

W89-02217 6E 
DAY, J. W. 

Long-Term Impacts of Agricultural Runoff in a 


Louisiana Swamp Forest, 
W89-01848 4C 


Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


DAY, K. E. 
Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


DAY, S. R. 
Field Permeability Test for Clay Liners, 
W89-01631 7B 


DE BRUIN, H. A. R. 
Evaporation in Arid and Semi-Arid Regions, 
W89-02228 2D 


DE ROOIJ, N. M. 
Sediments as a Source for Contaminants, 
W89-01716 5B 


DE ROSA, S. 
Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


DE SIMONE, R. 
Case Study: Bay of Pozzuoli (Gulf of Naples, 


Italy), 
W89-01732 5B 


DE VRIES, J. J. 
Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


DE ZWART, D. 
Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


DEBEN, W. A. 
Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


DECHELETTE, O. 
Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 5A 


DEELEY, G. M. 
Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


DEFOE, D. L. 
Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 
W89-01924 5C 


DEGUIDA, R. N. 
Urban Runoff and Combined Sewer Overflow, 
W89-01481 5 


DEHN, M. 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 


DEL PINO, M. P. 
Chemicals and Allied Products, 
W89-01492 5D 


DEL RAMO, J. 
Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 
W89-01399 5B 


AUTHOR INDEX 


DELCAMBRE, R. 
Waste Reduction: Program, Practice and Prod- 
uct in Chemical Manufacturing, 
W89-01342 5G 


DELL, L. R. 
Results of an Interlaboratory Study of a Column 
Method for Leaching Solid Wastes, 
W89-01657 5B 


DENAC, M. 
Packed- and Fluidized-Bed Biofilm Reactor Per- 
formance for Anaerobic Wastewater Treatment, 
W89-01284 5D 


DENBOW, T. J. 
Aquatic Sediments, 
W89-01504 5B 


DENNIS, S. D. 
Sampling Effort Required to Find Rare Species 
of Freshwater Mussels, 
W89-01602 TA 


DESAIAH, D. 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(+ +)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 5C 


DESANTIS, J. 
Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


DESHER, D. P. 
Metal Finishing and Processing, 
W89-01491 5D 


DESJARDINS, L. 
Social and Human Relevance of In Situ Sedi- 
ments, 
W89-01726 6G 


DETHIER, M. 
Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de I’Allondon Genevoise), 
W89-01314 5C 


DEVILLE, W. B. 
Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality Assurance, 
W89-01641 7C 


DEWATERS, J. 
Heavy Metal Removal by Aquatic Macrophytes 
in a Temperate Climate Aquatic Treatment 
System, 
W89-02273 5D 


DEWLING, R. T. 
Reusing Water, 
W89-01347 3C 


DEXTER, R. N. 
Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 
W89-01952 5C 


DIAMADOPOULOS, E. 
Design Criteria for the Removal of Organic 
Matter from Water with Aluminum, 
W89-01434 5F 


DIAMOND, S. 
Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


DIAZ-MAYANS, J. 
Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 
W89-01399 5B 


DREISS, S. J. 


DICKSON, K. L. 
Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 
W89-01956 7B 


Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


DIMAS, S. 
Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 
W89-01394 5C 


DIRECTO, L. S. 
Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 
W89-02040 SE 


DOLE, L. R. 
Waste Immobilization in Cement-based Grouts, 
W89-01651 SE 


DOLEDEC, S. 

Multitable analyses in Factorial Ecology: II. 
Longitudinal Stratification of the Ardeche, Be- 
ginning with Physico-chemical Descriptors (Les 
analyses multitableaux en ecologie factorielle: II. 
Stratification longitudinale de l’Ardeche a partir 
de descripteurs physico-chemiques), 

W89-01293 2H 


DONALDSON, E. C. 
Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


DONIGIAN, A. S. 
Example Model Testing Studies, 
W89-01864 7C 


Overview of Terrestrial Processes and Model- 
ing, 

W89-01860 5B 

DONNELL, B. P. 

Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 

W89-01825 2L 


DOR, I. 
Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


DORN, P. B. 
Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


DOUGLASS, J. E. 
Climatology and Hydrology, 
W89-01694 2A 


History of Coweeta, 
W89-01693 4C 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4c 


DOWNEY, D. C. 
Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 
W89-01540 5G 


DREISS, S. J. 
Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 





DRISCOLL, F. G. 


DRISCOLL, F. G. 
Groundwater and Wells, 
W89-01766 2F 


DRISCOLL, J. N. 
Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


DRUBACK, G. W. 
Subsurface Pollution Containment Using a Com- 
posite System Vertical Cutoff Barrier, 
W89-01614 5G 


DRUMMOND, R. A. 
Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 
W89-01924 sc 


DU, B. L. 
Effect of Pore Fluid pH on the Dynamic Shear 
Modulus of Clay, 
W89-01647 8D 


DUFFORD, R. G. 
Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


DUKE, K. M. 
Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


DUKE, T. W. 
Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5C 


DUNN, I. J. 
Packed- and Fluidized-Bed Biofilm Reactor Per- 
formance for Anaerobic Wastewater Treatment, 
W89-01284 5D 


DUNN, P. E. 
Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 
W89-01759 2H 


DUPONT, H. L. 
Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 
W89-01525 


DUPONT, R. R. 
Human Health Effects Assays, 
W89-01506 5A 


DUTANG, M. 

Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 5F 


DYCUS, D. L. 
Characterizing the Influence of Natural Varia- 
bles During Environmental Impact Analysis, 
W89-01604 7A 


EADIE, B. J. 
Toxic Contaminants and Benthic Organisms in 
the Great Lakes: Cycling, Fate and Effects, 
W89-02128 5B 


EAGLESON, K. W. 
Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 5C 


PA-i0 


AUTHOR INDEX 


EATON, A. 
Inorganics, 
W89-01464 


ECCLES, L. A. 
Vadose Model of Gasoline Leak, 
W89-01561 5B 


ECKENFELDER, W. W. 
Anaerobic Pretreatment of High Strength 
Wastewaters Using a Reactive Growth Support 
Media, 
W89-02079 5D 


Technique to Determine Inhibition in the Acti- 
vated Sludge Process Using a Fed-Batch Reac- 


tor, 
W89-02279 5D 


EDIL, T. B. 
Permeability of Fly Ash and Fly Ash-Sand Mix- 
tures, 
W89-01632 5G 


Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 

W89-01623 8D 


EDMUNDS, W. M. 
Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


EDSALL, T. A. 
Detroit River, Michigan: An Ecological Profile, 
W89-01806 2H 


St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


EDWARDS, R. T. 

Trophic Significance of Dissolved Organic 
Carbon in Streams, 

W89-01704 2E 


EGBOKA, B. C. E. 
Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 
W89-02251 2F 


EHRLICH, A. 
Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


EIGHMY, T. T. 
Biological Fixed-Film Systems, 
W89-01471 5D 


EISENBERG, T. N. 
Sensitized Photooxidation of Bromacil: Pilot, 
Bench, and Laboratory Scale Studies, 
W89-02057 5D 


EISENREICH, S. J. 
Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


EKAMBARAM, A. 
Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


EKLUND, A. G. 
Laboratory Comparison of the Effects of Water 
and Waste Leachate on the Performance of Soil 
Liners, 
W89-01625 8D 


ELEJALDE, C. 
Metal Multivariate Relations in Ecological Seg- 
ments, 
W89-01441 5B 


ELLERBROCK, M. J. 
Economics, 
W89-01462 6B 


ELLIS, J. B. 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 23 


EMERY, R. M. 
Systems Ecology and Environmental Law: Do 
They Speak the Same Language, 
W89-01895 6E 


ENDELL, R. 
Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 5A 


ENFIELD, C. D. 
Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 
W89-01537 5G 


ENGLISH, E. 
Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-01353 5B 


ENTWISTLE, J. M. 
Sludge Treatment, Utilization, and Disposal, 
W89-01474 


ERGASHEYV, A. E. 
Seasonal Variations of Phytoplankton in a Series 
of Waste Treatment Lagoons (Chimkent, Cen- 
tral Asia): I. Artificial Inoculation and Role of 
Algae in Sewage Purification, 
W89-01275 5D 


ERICKSON, A. E. 
Procedure and Equipment Factors Affecting 
Permeability Testing of a Bentonite-Sand Liner 
Material, 
W89-01623 8D 


ESPLUGAS, S. 
Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 
W89-01443 5D 


ESPOSITO, A. 
Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 5C 


ESSER, H. O. 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 5A 


ETZEL, J. E. 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


EVANS, J.C. 
Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


EVERETT, E. E. 
Groundwater Monitoring: An Overview from 
Field Drilling to Laboratory Analysis, 
W89-02209 5A 


EWEL, K. C. 
Responses of Wetlands and Neighboring Eco- 
systems to Wastewater, 
W89-01856 5C 


FAILLAT, J.-P. 
Nitrate Content in Fracture Zone Groundwater 
in the Humid Tropics as Related to Deforest- 





ation (La Teneur en Nitrates des Nppes de 
Fssures de la Zone Tropicale Humide en Rela- 
tion avec les Problemes de Deforestation), 
W89-01309 


FAN, A. M. 
Trichloroethylene: Water Contamination and 
Health Risk Assessment, 
W89-01385 5B 


FANG, H.-Y. 
Effect of Pore Fluid pH on the Dynamic Shear 
Modulus of Clay, 
W89-01647 8D 


Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


FARBER, S. 
Value of Coastal Wetlands for Recreation: An 
Application of Travel Cost and Contingent 
Valuation Methodologies, 
W89-01372 6B 


FARMER, B. M. 
Environmental Monitoring at Mound: 
Report, 
W89-01779 5B 


FARQUHAR, G. J. 
Disposal Activities as a Source of Contaminants 
to Large Lakes, 
W89-02160 5B 


FAST, D. E. 
Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 8I 


FATT, J.C. 
Finite Element Characteristic Advection Model, 
W89-01418 5B 


FAVA, J. A. 
Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


1986 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


Statistical Test Procedure for Effluent Toxicity 
Screening, 
W89-01949 5A 


FEDRA, K. 
Model-Based Education Support Systems: Ap- 
plication to Large Lakes and Hazardous Waste 
Management, 
W89-02181 6A 


FEIGE, W. A. 
Treatment of Water from Contaminated Wells, 
W89-02212 5F 


FERENCE, P. D. 
Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 
Ws89-01921 5C 


FERNANDEZ, R. 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 
que), 
W89-01337 6A 


FERREIRA, J. P. L. 
BALSEQ - A Model for the Estimating of 
Water Balances, Including Aquifer Recharges, 
Requiring Scarce Hydrologic Data, 
W89-02242 2F 


AUTHOR INDEX 


FERRETTI, O. 
Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


FETTER, C. W. 
Applied Hydrogeology, 
W89-01801 2A 


FETTEROLF, C. M. 
Uniting Habitat Quality and Fishery Programs 
in the Great Lakes, 
W89-02141 5G 


FIELD, S. D. 

Biodegradation of Oilfield Production Pit 
Sludges, 

W89-02025 5D 


Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


FINDIKAKIS, A. 
Turbulence Modeling of Surface Water Flow 
and Transport: Part I, 
W89-01412 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part II, 
W89-01413 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part V, 
W89-01416 2E 


FINDLAY, M. 
Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


FINN, J. T. 
Energy Flow in Wetlands, 
W89-01834 5D 


FISACKERLY, G. M. 
Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 
W89-01825 2L 


FISCHER, T. A. 
Flow and Containment of Injected Wastes, 
W89-01589 


FISHER, G. 
Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


FLETCHER, B. P. 
Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, Illi- 
nois: Hydraulic Model Investigation, 
W89-01772 8B 


Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 

W89-01767 8B 


Pond Creek Pumping Station, Southwestern Jef- 
ferson County, Kentucky: Hydraulic Model In- 
vestigation, 

W89-01768 8C 


FRANZ, D. R. 


FLINT, A. L. 
Three-Dimensional, Cross-Semivariogram Cal- 
culations for Hydrogeological Data, 
W89-01410 7C 


FOCHT, D. D. 
Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


FOGEL, S. 
Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


FOLKES, D. J. 
Detection and Delineation of a Fuel Oil Plume 
in a Layered Bedrock Deposit, 
W89-01547 7A 


FOLSOM, B. L. 
Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


FORESTER, J. 
Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 
W89-01926 5C 


FORSTNER, U. 
Sediment-Associated Contaminants: An Over- 
view of Scientific Bases for Developing Remedi- 
al Options, 
W89-01734 5B 


FOSTER, S. S. D. 
Quantification of Groundwater Recharge in 
Arid Regions: A Practical View for Resource 
Development and Management, 
W89-02243 2F 


FOX, G. P. 
Modelling Precipitation in a Cold Frontal Rain- 
band, 
W89-01344 2B 


FRAGA, R. J. 
Model of Residual Currents and Pollutant 
Transport in the Arabian Gulf, 
W89-01361 5B 


FRALEY, J. 
Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 
W89-01775 2H 


FRANCIS, G. R. 
Assessment of Socio-Economic Ramifications, 
W89-01727 6B 


FRANCO, P. J. 
Zooplankton Community Responses to Synthet- 
ic Oil Exposure, 
W89-01798 5c 


FRANK, J. C. 
Injection Zone Pressure Profile, 
W89-01588 SE 


FRANKLIN, J. F. 
Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 
W89-01332 7B 


FRANZ, D. R. 
Seasonal and Spatial Variability in Macro- 
benthos Communities in Jamaica Bay, New 
York: An Urban Estuary, 
W89-01424 5C 





FRASCARI, F. 


RI, F. 
Sediments and Pollution in the Northern Adriat- 


ic Sea, 
W89-01308 5B 


FREEDMAN, P. L. 
Waste: The Enigma of the 80's, 
W89-02156 6A 


FRENCH, R. H. 
Cisterns for Water Conservation and Flood 
Control, 
W89-01370 4A 


FRESI, E. 

Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


FRIEDMAN, A. A. 
Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


FRIEND, M. 
Wildlife Health Implications of Sewage Disposal 
in Wetlands, 
W89-01844 SE 


FRIESEL, P. 
How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 
W89-01668 5B 


FRIGNANI, M. 
Sediments and Pollution in the Northern Adriat- 
ic Sea, 
W89-01308 5B 


FRILIGOS, N. 
Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 
W89-01520 2L 


FRONK, C. A. 
Treatment of Water from Contaminated Wells, 
W89-02212 5F 


FROST, T. M. 
Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 
W89-01601 TA 


FRY, E. M. 
Recent Developments in the Law of the Sea 
1984-1985, 
W89-01515 6E 


FRY, R. G. 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


FRYE, W. W. 
Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 
W89-02206 


FUHS, G. W. 
Mechanisms of Adsorption and Elution of Vi- 
ruses to Solids in the Natural Environment, 
W89-0211 


FUJITA, T. 
Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 
W89-01297 5A 


FUKADA, F. 
Sources and Routes of Toxic Contamination 


from Manufacturing Operations, 
W89-02158 5B 


FURBISH, D. J. 
River-Bend Curvature and Migration: How are 
they Related, 
W89-01336 2J 


PA-12 


AUTHOR INDEX 


GAGGINO, G. F, 
Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 5C 


GALAT, D. L. 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


GALIL, N. 
Biotreatment Inhibition by Hazardous Com- 
pounds in an Integrated Oil Refinery, 
W89-02024 5D 


GALLAGHER, B. 
Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


GALLOWAY, W. 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 5C 


GALVACHE, A. 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 


que), 
W89-01337 6A 


GALYA, D. P. 
Mixing and Transport, 
W89-01496 


GANCZARCZYK, J. 
Flow through Activated Sludge Flocs, 
W89-01459 5D 


GANGSTAD, E. O. 
Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 


Characteristics of Some Large-Scale Reservoirs 
in the U.S. and Canada, 
W89-01992 2H 


Ecological Parameters 
Plant Growth, 
W89-01994 2E 


Influencing Aquatic 


Environmental Conditions for Water Resources 
Projects, 
W89-01991 6G 


Strategies for Aquatic Vegetation Management, 
W89-02001 4A 


Technical Review of Factors Affecting Diquat 
for Aquatic Use, 
W89-01998 4A 


Technical Review of the Factors Affecting 
Aquatic Use of Dichlobenil, 
W89-02000 4A 


Technical Review of the Factors Affecting En- 
dothall for Aquatic Use, 
W89-01997 4A 


Technical Review of the Factors Affecting the 
Aquatic Use of Dicamba, 
W89-01999 5B 


Technical Review of the Factors Affecting 2,4- 
D for Aquatic Use, 
W89-01996 4A 


GANLEY, R. C. 
Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


GANNON, J. E. 
Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


GANTZER, G. J. 
Mass Transport to Streambed Biofilms, 
W89-01449 5B 


GARCIA-BENGOCHEA, J. I. 
Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


GARDNER, R. H. 
Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 a 


GARNIEWSKIL, S. 
Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


GARRETT, C. 
Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 
W89-01531 5G 


GASCHINGUARD, O. 
Impact of Large Discharge Fluctuations on the 
Macroinvertebrate Populations Downstream of 
a Dam, 
W89-01746 6G 


GASPAR, E. 
Behavior of Artificial Tracers, 
W89-01983 7B 


Characteristics of Aquifers in Porous Media, 
W89-01987 2F 


Flowthrough Hydrokarstic Structures, 
W89-01988 2F 


Hydrological Tracers, 
W89-01982 7B 


Tracer Methodology in Hydrology, 
W89-01984 2A 


GASSER, R. E. 
Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 
W89-01803 6G 


GAUDY, A. F. 
High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


GAUR, J. P, 
Effects of Oil Refinery Effluents on Selenastrum 
capricornutum Printz, 
W89-01272 5c 


GEE, G. W. 
Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


GEER, W. H. 
Method for Treatment of Data from the In- 
stream Flow Incremental Methodology for In- 
stream Flow Determination, 
W89-01737 4C 








GEIGER, D. L. 
Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 
W89-01924 5C 


GEISY, J. P. 
Variation in Quantification of Concentrations of 
Toxic Chemicals in Fish from the Laurentian 
Great Lakes: The Good, The Bad and The 
Manageable, 
W89-02122 5B 


GELINAS, P. 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour I’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de I’Eau), 
W89-01339 2G 


GENDRON, D. 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


GEORGE, C. 
Cementing to Achieve Zone Isolation, 
W89-01568 SE 


GERBA, C. P. 
Recovering Viruses from Sewage, Effluents, and 


Water, 
W89-02112 5A 


GHAZIFARD, A. 
Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


GHOSH, S. 
Effects of Environmental Factors on Acid-Phase 
Digestion of Sewage Sludge, 
W89-02076 5D 


GIBB, J. P. 
Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 


als, 
W89-01672 2F 


GIBBONS, F. R. 
Water Erosion in the Dryland Cropping Regions 
of Australia. 4. Land and Land Use Data for a 
Relative Assessment of Potential Soil Movement 
in Victoria, 
W89-01804 2J 


GIBLIN, A. E. 
Comparisons of the Processing of Elements by 
Ecosystems, II: Metals, 
W89-01837 5D 


GIDDINGS, J. M. 
Microcosm Procedure for Determining Safe 
Levels of Chemical Exposure in Shallow-Water 
Communities, 
W89-01789 5C 


Protecting Aquatic Resources: An Ecologist’s 
Perspective, 
W89-01900 5G 


Zooplankton Community Responses to Synthet- 
ic Oil Exposure, 
W89-01798 sc 


GIERNAERT, W, 
Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
W89-02226 2F 


GIESKE, A. 
Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


GIFT, J. J. 
Comparative Toxicity of Whole and Liquid 


Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


AUTHOR INDEX 


GIGA, J. V. 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 5C 


GILDING, T. J. 
Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


GILES, J. E. 
Representing Hydropower in Hydrothermal 
Power System, 
W89-01366 6D 


GILL, S. A. 
Laboratory Testing of Cement-Bentonite Mix 
for Proposed Plastic Diaphragm Wall for Com- 
plexe LaGrande Reservoir Caniapiscau, James 
Bay, Canada, 
W89-01618 8F 


GILL, T. S. 
Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.), 
W89-01298 5C 


GILLHAM, R. W. 
Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 
W89-01674 5A 


GILLIAM, T. M. 
Waste Immobilization in Cement-based Grouts, 
W89-01651 SE 


GILVEAR, D. J. 
Suspended Solids Transport within Regulated 
Rivers Experiencing Periodic Reservoir Re- 


leases, 
W89-01752 2J 


GINN, T. C. 
Effects on Saltwater Organisms, 
W89-01503 5C 


GIPSON, A. H. 
Permeability Testing on Clayey Soil and Silty 
Sand-Bentonite Mixture Using Acid Liquor, 
W89-01622 


GISH, J. 
Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 
W89-01803 6G 


GIVENS, S. W. 
Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 
W89-02016 5D 


GLOOSCHENKO, W. A. 
Environmental Impact and Significance of Pesti- 
cides, 
W89-01969 5C 


GLOSS, S, P. 
Comparison of System Design and Reproduc- 
ibility to Estimate Bioconcentration of Di-n-hex- 
ylphthalate by Daphnia magna, 
W89-01943 SA 


GLOVER, J. B. 
Integrated Plant for Treatment of Dilute Haz- 
ardous Waste, 
W89-02042 5D 


GNEIDING, L. 
Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 
W89-02280 5D 


GORE, J. A. 


GOEDDERTZ, J. G. 
Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


GOEKE, J. E. 
Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 
W89-01921 5C 


GOLLADAY, S. W. 
Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4c 


GOMEZ, G. 
Metal Multivariate Relations in Ecological Seg- 
ments, 
W89-01441 5B 


GOMYODA, M. 
Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 
W89-01297 5A 


GONZALEZ, G. 
Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


GONZALEZ, R. 
Anaerobic Pilot Plant Studies for Dairy Plant 
Wastewaters, 
W89-02072 5D 


GOOCH, C. 
Rationale and Sampling Designs for Freshwater 
Mussels Unionidae in Streams, Large Rivers, 
Impoundments, and Lakes, 
W89-01603 TA 


GOODMAN, L. R. 
Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 
W89-01905 5C 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5C 


GOODWIN, S. 
Anaerobic Processes, 
W89-01473 5D 


GOPHEN, M. 
Fisheries Management, Water Quality and Eco- 
nomic Impacts: A Case Study of Lake Kinneret, 
W89-02138 81 


GORDON, J. A. 
Manganese Treatment by Two Novel Methods 
at Abandoned Coal Strip Mines in North Ala- 
bama, 
W89-02095 


GORDON, §, I, 
Computer Models in Envi 
W89-01823 





GORDON, W. 
Deeper Problems: Limits to Underground Injec- 
tion as a Hazardous Waste Disposal Method, 
W89-01565 SE 


GORE, J. A. 
Development and Applications of Macroinverte- 
brate Instream Flow Models for Regulated Flow 
Management, 
W89-01743 4A 





GORONSZY, M. C. 


GORONSZY, M. C. 
Anaerobic Pretreatment of High Strength 
Wastewaters Using a Reactive Growth Support 
Media, 
W89-02079 5D 


GOSS, L. B. 
Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


GOSSELCK, F. 
Investigations of the Benthos of Mangrove 
Coastal Lagoons in Southern Cuba, 
W89-01281 2L 


GOSSELINK, J. G. 
Mississippi River Delta: A Natural Wastewater 
Treatment System, 
W89-01849 5D 


Wetlands, 
W89-01800 2H 


GOSSELINK, L. 
Mississippi River Delta: A Natural Wastewater 
Treatment System, 
W89-01849 5D 


GOSSETT, R. W. 
Using the Natural Detoxification Capacities of 
Marine Organisms to Assess Assimilative Capac- 


ity, 
W89-01953 5B 


GOTSIS-SKRETAS, O. 
Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 
W89-01520 2L 


GOULD, J. P. 
Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


GRANNEMANN, N. 
Federal and State Assistance for Action, 
W89-02221 6E 


GRANT, J. E. 
Michigan’s Process for Regulating Toxic Sub- 
stances in Surface Water Permits, 
W89-02154 5G 


GRANT, W. H. 
Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


GRANTHAM, G. 
Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 
W89-01451 5D 


GRASSO, D. 
Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


GRAY, D. H. 
Biotechnical Slope Protection and Erosion Con- 
trol, 
W89-01811 4D 


GRAY, S. 
Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 


Act, 

W89-01531 5G 
GREAR, M. J. 

Improvements in Watershed Management Yield 


Enhanced Revenues, 
W89-01431 4A 


GREENFIELD, J. H. 
Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 
W89-02283 5D 


PA-14 


AUTHOR INDEX 


GREENFIELD, P. F. 
Biofilm Characteristics in a Fluidized-Bed Bior- 
eactor, 
W89-02017 5D 


GREGORY, S. V. 
Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 
W89-01332 7B 


GRESS, D. L. 
Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 SA 


GRIFFIN, R. A. 
Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


GRIFFITH, J. T. 
Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 
W89-01548 5A 


GRILLOT, J.-C. 
Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 
W89-01317 2F 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


GRIMAUD, A. 

Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 SF 


GRIMES, D. J. 
Evidence for Genetic Modification of Microor- 
ganism Occurring in Natural Aquatic Environ- 
ments, 
W89-01909 a 


Microbiological Studies of Municipal Waste Re- 
lease to Aquatic Environments, 
W89-01845 5D 


GRISAK, G. E. 
Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


GRIZINIK, M. 
Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 
W89-02247 2F 


GROFF, K. A. 
Textile Wastes, 
W89-01487 5D 


GROSS, R. L. 
Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


GROSSE, D. W. 
Activated Sludge Treatment of Selected Aque- 
ous Organic Hazardous Waste Compounds, 
W89-02064 5D 


GROVER, R. 
Substituted Urea Herbicides, 
W89-01979 


Triazine Herbicides, 
W89-01980 5A 


GRUBEN, D. 
Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 
W89-02205 5B 


GRUSZCZENSKI, T. S. 
Determination of a Realistic Estimate of the 
Actual Formation Product Thickness Using 
Monitor Wells: A Field Bailout Test, 
W89-01544 5B 


GUERZONL, S. 
Sediments and Pollution in the Northern Adriat- 
ic Sea, 
W89-01308 5B 


GUEVEN, O. 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


GUISEPPI-ELIE, A. 
Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


GUNAY, G. 
Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


GUNTENSPERGEN, G. R. 
Ecological Perspectives on Wetland Systems, 
W89-01832 2H 


GURNEY, R. J. 
Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 
W89-02229 7B 


GURTZ, M. E. 
Hydrologic Influences on Leaf Decomposition 
in a Channel and Adjacent Bank of a Gallery 
Forest Stream, 
W89-01331 2H 


GUSS, D. 
Development of Low-Cost Flotation Technolo- 
gy and Systems for Wastewater Treatment, 
W89-02026 5D 


GUSTARD, A. 
Towards a Rational Assessment of Residual 
Flows Below Reservoirs, 
W89-01754 2E 


GUTHRIE, M. A. 
Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 
W89-01595 SE 


Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 

W89-01594 SE 


GUTTMAN:BASS, N. 
Cell Cultures and Other Host Systems for De- 
tecting and Quantifying Viruses in the Environ- 
ment, 
W89-02120 5A 


HAAS, C.N. 
Maximum Likelihood Analysis of Disinfection 
Kinetics, 
W89-01444 5D 








HAASE, C. S. 
Subsurface Disposal of Liquid Low-Level Ra- 


dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 


HAFNER, F. 
Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


HAINES, B. L. 
Acid Precipitation Effects on Forest Processes, 
W89-01710 5C 


HALES, C. H. 
Flow and Containment of Injected Wastes, 
W89-01589 


HALL, R. H. 
Cleaning Abandoned Chemical Waste Sites and 


the Larger Problem of Preventing New Dumps, 
W89-02182 SE 


HALLBERG, G. R. 
Nitrates in lowa Groundwater, 
W89-02199 5B 


HALLETT, D. J. 
Ecosystem Surprise: Toxic Chemical Exposure 
and Effects in the Great Lakes, 
W89-02123 5C 


HAM, R. K. 
Comparison of Leachate Quality in Foundry 
Waste Landfills to Leach Test Abstracts, 
W89-01636 5B 


HAMIDON, A. 
Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


HAMILTON, A. L. 
Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 


W89-01730 


HAMMER, U. T. 
Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 2H 


HAMMERS, M. D. 
Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 5A 


HANASAKI, T. 
Variation in Properties of Sewage Sludge, 
W89-01302 


HANBY, K. P. 
Sixteen Successful Years: A History of Stauffer 
Chemical Company’s Underground Injection at 
Bucks, Alabama, 
W89-01576 SE 


HANNAH, R. E. 
Effect of Natural Water Source on the Toxicity 


of Chemicals to Aquatic Microorganisms, 
W89-01925 SA 


HANSEN, D. J. 
Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 
W89-01926 5C 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 xs 


HANSEN, H. J. 
Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


HANSON, B. C. 
Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 
W89-01670 5B 


AUTHOR INDEX 


HANTZSCHE, N. N. 
Wetland Systems for Wastewater Treatment: 
Engineering Applications, 
W89-01828 5D 


HAO, O. J. 
Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 
W89-02277 5D 


HARINASUTA, C. 
Disease Hazards of Irrigation Schemes, 
W89-01379 6G 


HARMOND, I. G. 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


HARPER, L. M. 
Aquatic Noxious Plants Legislation, 
W89-01879 


HARPER, S. R. 
Agricultural Wastes, 
W89-01486 5D 


Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


HARRASS, M. C. 
Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 
W89-01790 5A 


Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 SA 


HARRELSON, M. E. 
Thermal Effects, 
W89-01500 xs 


HARRIS, W. H. 
Seasonal and Spatial Variability in Macro- 
benthos Communities in Jamaica Bay, New 
York: An Urban Estuary, 
W89-01424 5C 


HARRISON, F. L. 
Effect of Physicochemical Form on Copper 
Availability to Aquatic Organisms, 
W89-01959 5B 


HARTIG, J. H. 
Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


HARTMAN, J. 
Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 5C 


HARTMAN, J. R. 
Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


HARWELL, M. A. 
Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


HASFURTHER, V. R. 
Assessment of Flushing Flow Recommendations 
in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


HASHIMOTO, H. 
Influence of Indicator Bacteria on the Incidence 
of Salmonella in Aquatic Environment, 
W89-01510 5A 


HELLOU, J. 


HATCHER, R. D. 
Bedrock Geology and Regional Geologic Set- 
ting of Coweeta Hydrologic Laboratory in the 
Eastern Blue Ridge, 
W89-01696 8E 


HATHHORN, W. E. 
Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 


HAUSER, G. E. 
Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 
W89-01758 5G 


HAVILAND, B. L. 
Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 


HAWKER, D. W. 
Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 
W89-01448 5B 


HAWLEY, J. W. 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 4C 


HAY, D. R. 
Impacts of Chemigation on Groundwater Con- 
tamination, 
W89-02202 SB 


HAYES, D. 
Practical Approach to Hydrocarbon Recovery 
at Marine Terminals, 
W89-01536 5G 


HAYES, T. D. 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


HEANEY, J. P. 
Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


HEDDEN, K. F. 
Example Field Testing of Soil Fate and Trans- 
port Model, PRZM, Dougherty Plain, Georgia, 
W89-01863 5B 


HEDTKE, S. F. 
Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 
W89-01966 5G 


HEIDOLPH, B. B. 
Short-Cut Chronic Toxicity Estimates Using 
Daphnia magna, 
W89-01936 5A 


HEINANEN, A. 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 5C 


HEINTZENBERG, J. 

~ Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


HELLOU, J. 
Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 5B 





HELVEY, J. D. 


HELVEY, J. D. 
Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


HEMINGWAY, R. J. 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 5A 


HEMOND, H. 
Significance of Hydrology to Wetland Nutrient 
Processing, 
W89-01839 5D 


HENDRICK, J. E. 
Sludge Treatment, Utilization, and Disposal, 
W89-01474 


HENDRICKS, A. C. 
Leaf Processing in a Reservoir: An Experimen- 
tal Approach, 
W89-01609 TA 


HENDRY, M. J. 
Hydrogeology of Clay Till in a Prairie Region 
of Canada, 
W89-01406 2F 


HENRICHS, R. 
Law (1987 Amendments), 
W89-01463 


HENRIQUES, P. R. 
Aquatic Macrophytes, 
W89-01888 6G 


HENRY, C. J. 
Risk Assessment/Risk Management as a Toxic 
Control Strategy, 
W89-02167 6A 


HENRY, E. C. 
Practical Approach to Hydrocarbon Recovery 


at Marine Terminals, 
W89-01536 5G 


HENRY, M. G. 
Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
W89-02171 5B 


HENRY, M. P. 
Effects of Environmental Factors on Acid-Phase 
Digestion of Sewage Sludge, 
W89-02076 5D 


HENSEL, B. R. 
Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


HERCEG, A. G. 
Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


HERN, S. C. 
Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7 


HERRICKS, E. E. 
Mass Transport to Streambed Biofilms, 
W89-01449 5B 


HERRMANN, J. E. 
Methods for Rapid Detection and Rapid Identi- 
fication of Viruses, 
W89-02119 5A 


HERST, W. E. 
Detection and Delineation of a Fuel Oil Plume 
in a Layered Bedrock Deposit, 
W89-01547 TA 


HERZBRUN, P. A. 
SBR Treatment of Hazardous Wastewater - 
Full-Scale Results, 
W89-02281 5D 


PA-16 


AUTHOR INDEX 


HESKETH, G. A. 
Fruit, Grain, and Vegetable Wastes, 
W89-01483 5D 


HESS, A. E. 
Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ing, 
W89-01404 2F 


HESSELBERG, R. J. 
Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 
ganisms, 
W89-01724 SA 


HIBBERT, A. R. 
Streamflow Generation by Variable Source 
Area, 
W89-01699 2E 


HICKEY, R. F. 
Anaerobic Processes, 
W89-01473 5D 


HICKMAN, M. 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


HIDAKA, T. 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


HIGGINS, A. J. 
Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


HIGGINS, T. E. 
Metal Finishing and Processing, 
W89-01491 5D 


HILL, B. H. 
Role of Aquatic Macrophytes in Nutrient Flow 
Regulation in Lotic Ecosystems, 
W89-01610 5B 


HILL, G. E. 
Fog Effect of the Great Salt Lake, 
W89-01376 2B 


HILLARD, G. E. 
Utilizing High Rate Fixed-Film Biological Tech- 
nology to Control Upset Conditions in Refinery 
Wastewater Treatment Systems, 
W89-02015 5D 


HILNER, H. R. 
Perspective on Soil and Water Conservation and 
Agriculturally Related Groundwater Contami- 
nation, 
W89-02198 4c 


HILTON, B. L. 
Toxicity of Sulfides to the Anaerobic Treatment 
Process, 
W89-02077 5D 


HINCHEE, R. E. 
Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 
W89-01540 5G 


HINELINE, T. L. 
Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 
W89-01577 SE 


HITCHON, B. 
Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 
W89-01587 2F 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


HOARE, R. A. 
Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


HOCKENBURY, M. R. 
Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 
W89-02087 5D 


HODSON, R. E. 
Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 
W89-01846 5D 


HOFFMAN, G. 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 
al, 
W89-01773 5C 


HOLBROOK, T. 
Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 5A 


HOLCOMBE, L. 
Practices for Sampling Solid Wastes from Point 
Discharges and Impoundments, 
W89-01655 TA 


HOLGUIN, A. 
Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


HOLLANDER, A. 
Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 
W89-01906 5C 


HOLLENBECK, A. J. 
Wastewater Collection, 
W89-01468 5D 


HOLLINGSHEAD, S. C. 
Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
'W89-01680 SE 


HOLMBOM, B. 
Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 
W89-01912 5C 


HOLUBETZ, T. B. 
Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


HOOGHEEM, T. J. 
Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 
W89-01600 TA 


HOOK, L. A. 
Zooplankton Community Responses to Synthet- 
ic Oil Exposure, 
W89-01798 5C 


HOOVER, M. D. 
History of Coweeta, 
W89-01693 








HORNER, R. R. 
Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 
W89-01606 TA 


HORNSBY, A. G. 
Software for Teaching Principles of Chemical 
Movement in Soil, 
W89-02208 5B 


HORST, W. D. 
Permeability of Clay to Acidic and Caustic Per- 
meants, 
W89-01621 5B 


HOUCK, C. P. 
Rehab for Filtration, 
W89-01348 5F 


HOUSTON, J. 
Rainfall - Runoff - Recharge Relationships in the 
Basement Rocks of Zimbabwe, 
W89-02245 2B 


HOWARD-WILLIAMS, C. 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 
W89-01274 2H 


HROMADKA, T. 
Nodal Domain Integration Model of Two-Di- 
mensional Heat and Soil-Water Flow Coupled 
by Soil-Water Phase Change, 
W89-02265 2G 


Tracking Two-Dimensional Freezing Front 
Movement Using the Complex Variable Bounda- 
ry Element Method, 

W89-02266 2G 


HRUDEY, E. J. 
Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


HRUDEY, S. E. 
Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 SE 


HSIEH, H. N. 
Correlation of Compound Properties With Bio- 
sorption of Organic Compounds, 
W89-01325 5D 


HSUEH, S. F. 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 5C 


HUBBLE, J. D. 
Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 81 


HUBERT, W. A. 
Assessment of Flushing Flow Recommendations 
in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


HUDAK, D. R. 
Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


HUDSON, H. E. 
Water Clarification Processes: Practical Design 
and Evaluation, 
W89-01598 SF 


HUDSON, J. 
Thermal Effects, 
W89-01500 


HUGHES, R. M. 
Production of Coexisting Juvenile Coho Salmon 
and Steelhead Trout in Heated Model Stream 
Communities, 
W89-01799 5C 


HUGHES, T. C. 
Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 5F 


HUGHEY, K. F. D. 
Wetland Birds, 
Ws89-01891 2H 


HULL, S. J. 
Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 
W89-02035 5D 


HUMPHREY, H. E. B. 
Human Exposure to Persistent Aquatic Con- 
taminants: A PCB Case Study, 
W89-02131 5B 


Human Population: An Ultimate Receptor for 
Aquatic Contaminants, 
W89-01721 SB 


HUNTINGTON, E. 
Factors Affecting the Culture of Daphnia 
magna, 
W89-01919 SA 


HURLBURT, S. 
Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


HURST, C. J. 
Recovering Viruses from Sewage Sludges and 
from Solids in Water, 
W89-02113 SA 


HUSSEIN, J. A. A. 
Groundwater Recharge over Western Saudi 
Arabia, 
W89-02248 2F 


HUTCHINSON, R. T. 
Trout Hatcheries and Fish Stocking, 
W89-01884 8I 


HUTSON, J. L. 
Simulations of Water and Solute Movement in 
the Buried Waste Repository at Vaalputs, 
W89-02264 5B 


HUYNH-NGOC, L. 
Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


IMBERGER, J. 
Shear Waves and Unsteady Selective Withdraw- 


al, 
W89-01420 2H 


INTROCASO, D. M. 
Waddell Dam, Maricopa County, Arizona: Pho- 
tographs; Written Historical and Descriptive 
Data, Reduced Copies of Drawings, 
W89-01805 8A 


IRVINE, J. R. 
Effects of Varying Flows in Man-Made Streams 
on Rainbow Trout (Salmo gairdneri Richardson) 
Fry, 
W89-01742 2H 


Flow Control, 
W89-01880 4A 


IRVINE, R. L. 
SBR Treatment of Hazardous Wastewater - 
Full-Scale Results, 
W89-02281 5D 


ISAAC, R. A. 
Disinfection, 
W89-01476 5D 
ISAACSON, H. R. 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


ISAACSON, M. 
Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 SF 


ISENSEE, A. R. 
Contribution of Agricultural Pesticides to 
Worldwide Chemical Distribution, 
W89-02159 5B 


ISHIDA, T. 
Marketing Sludge Compost in Japan, 
W89-01294 


ISHII, H. 
Marketing Sludge Compost in Japan, 
W89-01294 SE 


ISHIKAWA, S. 
Reaction of Organic Phosphate Esters with 
Chlorine in Aqueous Solution, 
W89-01303 5B 


ISOM, B. G. 
Rationale and Sampling Designs for Freshwater 
Mussels Unionidae in Streams, Large Rivers, 
Impoundments, and Lakes, 
W89-01603 TA 


ISTOK, J. D. 
Three-Dimensional, Cross-Semivariogram Cal- 
culations for Hydrogeological Data, 
W89-01410 7C 


IWAKUMA, T. 
Factors Controlling the Secondary Productivity 
of Benthic Macroinvertebrates in Freshwaters: 
A Review, (in Japanese), 
W89-01382 2H 


IWANKSI, M. L. 
Power Industry Wastes, 
W89-01490 5G 


JACKSON, K. 
ASTM Standard Leach Test D3986: A History, 
W89-01656 SA 


JACKSON, R. E. 
Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 SB 


JACKSON, W. B. 
Terrestrial Communities: From Mesic to Hydric, 
W89-01841 SE 


JACOBUS, N. 
Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


JAIN, S. K. 
Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 
W89-02236 2F 


JAMISON, V. W. 
Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


JANA, B. B. 
Seasonal and Spatial Distribution of Iron Pre- 
cipitating Heterotrophs in Water and Sediments 


PA-17 





JANA, B. B. 


of Fish Ponds of Differing Farming Manage- 
ments, 
W89-01271 2H 


JARMAN, M. C. 
Marine Pollution: Injury Without a Remedy, 
W89-01517 6E 


JARRELL, M. D. 
Integrity Testing of Class I Hazardous Injection 
Wells: Related Experience in the Great Lakes 
Region, 
W89-01574 SE 


JAWORSKI, E. 
Detroit River, Michigan: An Ecological Profile, 
W89-01806 2H 


JAWORSKI, N. A. 
Biological Treatment of Toxics in Wastewater: 
The Problems and Opportunities, 
W89-02268 5D 


Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 

W89-01967 5G 


JEFFERS, S. W. 
Use of Tailored Clays for Selective Adsorption 
of Hazardous Pollutants, 
W89-02018 5D 


JENKERSON, C. G. 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


JENKINS, R. M. 
Indexes for Assessing Fish Biomass and Yield in 
Reservoirs, 
W89-02146 7C 


JENNE, E. A. 
Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 
W89-01927 SA 


JENNISS, S. W. 
Determinatior. of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 
W89-01650 5A 


JENSEN, A. J. 
Hydropower Development of Salmon Rivers: 
Effect of Changes in Water Temperature on 
Growth of Brown Trout (Salmo trutta) Pres- 
molts, 
W89-01749 6G 


JEPSEN, C. P. 
Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 
W89-01616 5G 


JINNA, R. R. 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(++)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 + 


JOEL, A. R. 
Dioxin: Treatment with Ozone, 
W89-02056 5D 


JOHANSSON, P.-O. 
Methods for Estimation of Natural Groundwater 
Recharge Directly from Precipitation - Compar- 
ative Studies in Sandy Till, 
W89-02238 2F 


JOHNSON, C. 
Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


PA-18 


AUTHOR INDEX 


JOHNSON, D. 
Practices for Sampling Solid Wastes from Point 
Discharges and Impoundments, 
W89-01655 TA 


JOHNSON, D. B. 
Biological and Physical Inventory of the 
Streams within the Nez Perce Reservation: Ju- 
venile Steelhead Survey and Factors that Affect 
Abundance in Selected Streams in the Lower 
Clearwater River Basin, Idaho, 
W89-01776 2H 


JOHNSON, R. L. 
Dissolution of Residual Dense Non-Aqueous 
Phase Liquid (DNAPL) From a Saturated 
Porous Medium, 
W89-01555 5B 


Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 

W89-01559 5B 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 


JOHNSTONE, I. M. 
Aquatic Weed Problems, 
W89-01882 4A 


JOLLEY, R. L. 
Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


JONES, C. W. 
Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 
W89-01627 5B 


JONES, J. K. P. 
Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


JONES, R. M. 
Dissolved Oxygen Control in a Coupled Fluid- 
ized Bed System, 
W89-02060 5D 


JOP, K. M. 
Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


JOWETT, I. G. 
Fish Passage, Control Devices and Spawning 
Channels, 
W89-01883 8I 


Flow Control, 
W89-01880 4A 


JOY, K. P. 
Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 
W89-01390 5c 


JUGE, R. 

Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 

W89-01313 2H 


JURS, P. C. 
Toxicity Assays and Molecular Structure Toxic- 


ity, 
W89-02270 5D 


JURY, W. A. 
Adsorption of Organic Chemicals onto Soil, 
W89-01867 5B 


Chemical Movement through Soil, 
W89-01865 5B 


Spatial Variability of Soil Properties, 
W89-01870 2G 


Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 
W89-01861 5B 


Volatilization from Soil, 
W89-01866 5B 


KACZYNSKI, V. W. 
Considerations for Wetland Treatment of Spent 
Geothermal Fluids, 
W89-01831 5D 


KADLEC, J. A. 
Wetlands, Wastewater, and Wildlife, 
W89-01857 


KADLEC, R. H. 
Aging Phenomena in Wastewater Wetlands, 
W89-01850 5D 


KAGAN, D. A. 
Private Rights and the Public Trust: Opposing 
Lakeshore Funnel Development, 
W89-01529 6E 


KAMATH, K. 
Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 
W89-01592 SE 


KAMINO, Y. 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


KAMRIN, M. A. 
Health Implications of Groundwater Contami- 
nants, 
W89-02211 5C 


KAN, A. T. 
Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


KAPLAN, B. D. 
Characterization of Treatment Residues from 
Hazardous Waste Treatment, Storage, and Dis- 
posal Facilities, 
W89-02045 5D 


KAPLAN, B. M. 
Bioavailability of Trace Metals in 
Waters, 
W89-01960 5B 


Natural 


KAPUSCINSKI, R. B. 
Efficacy of Bioaugmentation Products as Pre- 
dicted by a Model of Steady-State Flocculent 
Cultures, 
W89-02035 5D 


KASHIMOTO, T. 
Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 
W89-01440 5B 


KATZ, J. 
Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 
W89-01643 5B 





KATZ, S. A. 
Determination of Some Macronutrients and Mi- 
cronutrients and Some Toxic Elements in 
Sewage Sludges from Domestic and Industrial 
Influents Prior to Land Disposal: I. Develop- 
ment of Methods, 
W89-01650 5A 


KAUSHIK, N. K. 
Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 x 


KAVANAUGH, D. J. 
Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


KAWABE, T. 
Phage-Sensitive Bacteria in Seawater of Kago- 
shima Bay, (In Japanese), 
W89-01523 5A 


KAWAHARA, F. 
Organochlorine Pesticides, 
W89-01974 5A 


Organophosphorus Pesticides, 
W89-01975 SA 


KAYSER, R. 
Two-Stage Biological/Chemical Treatment of 
Hazardous Waste Landfill Leachate, 
W89-02094 5D 


KAZMIERCZAK, R. F. 
Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4C 


KEANE, M. A. 
London Water Ring Main: An Optimal Water 
Supply System, 
W89-01350 SF 


KEARNEY, P. C. 
Contribution of Agricultural 
Worldwide Chemical Distribution, 
W89-02159 5B 


KEATING, M. 
Role of the News Media in Determining Public 
Policy for the Great Lakes, 
W89-02189 6A 


KEECH, D. K. 
Well Construction: 
Safety, 
W89-02215 8A 


KEELY, J. F. 
Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 
W89-01559 5B 


Pesticides to 


Drilling, Location and 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 


KELLER, H. M. 
European Experiences in Long-Term Forest 
Hydrology Research, 
W89-01713 2A 


KELLS, J. A. 
Head Recovery at Submerged Abrupt Conduit 
Outlets, 
W89-01340 8B 


KELLY, J. R. 
Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


KELLY, M. D. 
Instream Temperature Modeling and _ Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 
W89-01748 6G 


AUTHOR INDEX 


KEMBLOWSKI, M. W. 
Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


KEMP, D. 

Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 
un Lagunage a Microphytes Sous un Meme Cli- 
mate Tempere), 

W89-01524 5D 


KEMP, G. P. 
Long-Term Impacts of Agricultural Runoff in a 
Louisiana Swamp Forest, 
W89-01848 4C 


KENFIELD, C. F. 
GM-IX Process: A Novel Metal Cyanide Treat- 


ment and Recovery Technique, 
W89-02093 5D 


KENNEDY, K. G. 
Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


KENNEDY, M. S. 
Activated Sludge, 
W89-01470 5D 


KENT, R. T. 
Risk Assessment of Deep Well Injection Sys- 


tems, 
W89-01688 SE 


Site Suitability for Waste Injection, Vickery, 


Ohio, 
W89-01580 SE 


Subsurface Injection in Ontario, Canada, 
W89-01582 


KERDIJK, H. 
Sediments as a Source for Contaminants, 
W89-01716 5B 


KERNDORFF, H. 
How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 
W89-01668 5B 


KERSLAKE, J. C. 
London Water Ring Main: An Optimal Water 
Supply System, 
W89-01350 5F 


KERTELL, C. R. 
Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


KESEL, R. H. 
Decline in the Suspended Load of the Lower 
Mississippi River and its Influence on Adjacent 
Wetlands, 
W89-01321 4C 


KEUP, L. E. 
Invertebrate Fish Food Resources of Lotic En- 
vironments, 
W89-01802 2H 


2F 


KEWEN, T. 
Investigation of Ground Water Quality at a De- 
commissioned Sour Gas Plant in Alberta, 
W89-01686 5B 


KHAN, R. A. 
Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 
W89-01300 5C 


KICENIUK, J. W. 
Effect of Petroleum Aromatic Hydrocarbons on 
Monogeneids Parasitizing Atlantic Cod, Gadus 
morhua L., 
W89-01300 5c 


KLEIN, C. L. 


KIEBER, D. J. 
Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 
W89-01421 2H 


KIM, B. R. 
Textile Wastes, 
W89-01487 5D 


KIM, K. 
Comparison of the Microbial Response of Mixed 
Liquors from Different Treatment Plants to In- 
dustrial Organic Chemicals, 
W89-02280 5D 


KIMERLE, R. A. 
Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


KINDIG, A. C. 
Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 5A 


KINDT, J. W. 
International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


KING, A. 
Detection of Drilling Mud-Base Oil in the Bile 
of Trout, Salmo gairdneri, 
W89-01301 5B 


KINNER, N. E. 
Biological Fixed-Film Systems, 
W89-01471 5D 


KINNIBURGH, D. G. 
Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


KINNISON, R. R. 
Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 
W89-01927 5A 


KIRK, P. W. W. 
Pollution Control Legislation, 
W89-02100 6E 


Sludge Disposal to Sea, 
W89-02110 SE 


KIRSCH, E. J. 
Comparative Evaluation of Alternative Halo- 
gen-Based Disinfection Strategies, 
W89-02058 5D 


KITTLESON, K. M. 
Groundwater Problem in Michigan: An Over- 
view, 
W89-02200 2F 


KJERFVE, B. 
Estimating the Net Flux of Nutrients Between a 
Salt Marsh and a Tidal Creek, 
W89-01423 2L 


KLAPWIJK, A. 
Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 
W89-01445 5F 


KLEIN, C. L. 
Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 





KLEIN, W. 


KLEIN, W. 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 5A 


KLEMANS, D. R. 
Waste: The Enigma of the 80's, 
W89-02156 6A 


KLEMT, B. 
Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


KLEPPE, J. H. 
Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


KLEPPER, G. 
Groundwater Contamination from Landfills, 
Underground Storage Tanks, and Septic Sys- 
tems, 
W89-02205 5B 


KLINE, E. 
Effects of Pollution on Freshwater Organisms, 
W89-01502 5C 


KLINGER, C. 
Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 
W89-01551 5A 


KNIGHT, M. S. 
Controlling Nitrate Leaching in Water Supply 
Catchments, 
W89-01349 5G 


KNUTSSON, G. 
Humid and Arid Zone Groundwater Recharge - 
A Comparative Analysis, 
W89-02255 2F 


KOCAN, R. M. 
Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 
W89-01915 5B 


Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 

W89-01952 5C 


KOCZWARA, M. K. 
Activated Sludge Treatment of Selected Aque- 


ous Organic Hazardous Waste Compounds, 
W89-02064 5D 


KOERNER, G. R. 
Geosynthetics for Use in Waste Facilities, 
W89-02043 5G 


KOERNER, R. M. 
Use of Flexible Membrane Liners for Industrial 
and Hazardous Waste Disposal, 
W89-01645 SE 


KONONEN, D. W. 
Acute Toxicity of Cyanogen Chloride to Daph- 
nia magna, 
W89-01393 5C 


KOPATSIS, A. 
Chemical Fate of Injected Wastes, 
W89-01590 5B 


KORSHOLM, E. 
Evaluation of Direct Microscopical Counts and 
Endotoxin Measurements as Alternatives for 
Total Plate Counts, 
W89-01458 SA 


KOSKI, J. A. 
Industry/Agency Perspectives on Strategies for 
Protecting Groundwater, 
W89-02220 6E 


PA-20 


AUTHOR INDEX 


KOSTYSHYN, C. R. 
Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 
W89-02071 5D 


KOVALAK, W. P. 
Sampling Effort Required to Find Rare Species 
of Freshwater Mussels, 
W89-01602 TA 


KOVAN, J. T. 
Rural Groundwater Contamination: Impacts of 
and Potential Benefits from Land Use Planning 
and Zoning, 
W89-02219 5G 


KRAHN, M. M. 
Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


KRAPAC, I. 
Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


KRAPAC, I. G. 
Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


KRATZ, T. K. 
Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 
W89-01601 7A 


KRAUS, M. P. 
Cyanophage Assay as a New Concept in the 
Study of Environmental Toxicity, 
W89-01932 SA 


KR4 YBILL, D. D. 
Waste Reduction in Illinois: An Overview, 
W89-02037 


KREISSL, J. F. 
Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
W89-02050 5D 


KREITLER, C. 
Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


KREITLER, C. W. 
Hydrogeology of Sedimentary Basins as It Re- 
lates to Deep-Well Injection of Chemical 
Wastes, 
W89-01583 2F 


KREMER, J. G. 
Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 
W89-02040 SE 


Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


KRIDER, J. N. 
Assessing Animal Waste Systems Impacts on 
Groundwater: Occurrences and Potential Prob- 
lems, 
W89-02203 5B 


KROFTA, M. 
Development of Low-Cost Flotation Technolo- 
gy and Systems for Wastewater Treatment, 
W89-02026 5D 


KUBIAK, T. J. 
Ecological Evaluation Procedure for Determin- 
ing Wetland Suitability for Wastewater Treat- 
ment and Discharges, 
W89-01852 5D 


KUCERA, P. A. 
Biological and Physical Inventory of the 
Streams within the Nez Perce Reservation: Ju- 
venile Steelhead Survey and Factors that Affect 
Abundance in Selected Streams in the Lower 
Clearwater River Basin, Idaho, 
W89-01776 2H 


KUHLMEIER, P. D. 
On-Site Treatment Systems for Aquifer Restora- 
tion Biological Treatment, 
W89-02029 5G 


KUMAR, H. D. 
Effects of Oil Refinery Effluents on Selenastrum 
capricornutum Printz, 
W89-01272 a 


LAATIKAINEN, M. 
Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


LAI, C. 
Comprehensive Method 
Models for Flow Simulation, 
W89-01417 2E 


LAKE, D. L. 
Chemical Speciation of Heavy Metals in Sewage 
Sludge and Related Matrices, 
W89-02102 5B 


of Characteristics 


Sludge Disposal to Land, 
W89-02109 SE 


LAKE, J. L. 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 
al, 
W89-01773 5C 


LAKSO, E. 
Increasing the Oxygen Content of the Kalajoki 
River, 
W89-01760 5G 


LALANA-RUEDA, R. 
Investigations of the Benthos of Mangrove 
Coastal Lagoons in Southern Cuba, 
W89-01281 2L 


LAMBERSON, J. O. 
Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 SA 


LAMBERT, T. R. 
Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 
W89-01739 2E 


LANDINE, R. C. 
Anaerobic Treatment of Dairy Wastewater, 
W89-02073 


LANDIS, W. G. 
Resource Competition Modeling of the Impacts 
of Xenobiotics on Biological Communities, 
W89-01897 5C 


LANDRUM, P. F. 
Toxic Contaminants and Benthic Organisms in 
the Great Lakes: Cycling, Fate and Effects, 
W89-02128 5B 


LANG, L. E. 
Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 
W89-02262 5D 


LANGE, C, R. 
Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 





Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


LANIER, A. L. 
Nonpoint Sources, 
W89-01495 5G 


LANTING, J. 
Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


LANZA, G. R. 
Sediment Microbial Activity Tests for the De- 
tection of Toxicant Impacts, 
W89-01944 5A 


LARDNER, R. W. 
Model of Residual Currents and Pollutant 
Transport in the Arabian Gulf, 
W89-01361 5B 


LAROCK, B. E. 
Turbulence Modeling of Surface Water 
and Transport: Part I, 
W89-01412 


Turbulence Modeling of Surface Water 
and Transport: Part II, 
W89-01413 


Turbulence Modeling of Surface Water 
and Transport: Part III, 
W89-01414 


Turbulence Modeling of Surface Water 
and Transport: Part IV, 
W89-01415 7B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part V, 
W89-01416 2E 


LARSON, R. J. 
Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 
W89-01796 5C 


LASSITER, R. R. 
Design Criteria for a Predictive Ecological Ef- 
fects Modeling System, 
W89-01896 5C 


LAWRENCE, J. R. 
Wealth Generator or Environmental Protector. 
The Approach of a Chemical Company to Proc- 
ess and Product Development under Increasing 
Environmental Pressures, 
W89-02163 6E 


LAZORCHAK, J. 


Effects of Pollution on Freshwater Organisms, 
W89-01502 5C 


LEAHY, M. 
Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


LEBARON, P. 
New Selective Agar Medium for Recovery of 
Staphylococcus aureus in Waters (Utilisation 
d’un nouveau milieu de culture selectif pour 
lisolement de Staphylococcus aureus dans dif- 
ferents types d’eau), 
W89-01310 5A 


LEBLANC, G. A. 
Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 5A 


LECONTE, R. 
Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 SF 


LEE, C. M. 
Factors Affecting the Culture of Daphnia 
magna, 
W89-01919 SA 


LEE, C. R. 
Use of Bioassay and Associated Tests in 


Dredged Material and Disposal Management, 
W89-01722 5B 


LEE, H. B. 
Basic Principles and Practices on the Analysis of 
Pesticides, 
W89-01970 SA 


Determination of Twenty-one Chloroanisoles in 
Water and Sediment Samples, 
W89-01377 5A 


Organochlorine Pesticides, 
W89-01974 SA 


LEE, M. D. 
Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


LEE, R. F. 
Metabolism of Benzo(a)pyrene by a Mixed 
Function of Oxygenase System in Blue Crabs, 
Callinectes sapidus, 
W89-01910 5C 


LEE, S. E. 
Treatment of Cr(VI) Containing Wastewater by 
Addition of Powdered Activated Carbon to the 
Activated Sludge Process, 
W89-02019 5D 


LEFAIVRE, M. H. 
Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 


als, 
W89-01672 2F 


LEGG, R. A. 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


LEHFELDT, R. 
Modeling Turbulent Transport in Stratified Es- 


tuary, 

W89-01419 5B 
LEHR, J. 

Design and Construction of Water Wells: A 


Guide for Engineers, 
W89-02256 8A 


LEHR, J. H. 


Underground Injection: A Positive Advocate, 
W89-01566 SE 


LEHR, W. J. 
Model of Residual Currents and Pollutant 
Transport in the Arabian Gulf, 
W89-01361 5B 


LEIGHTY, L. L. 
Overview of Michigan Groundwater Law, 
W89-02216 6E 


LEISER, A. T. 
Biotechnical Slope Protection and Erosion Con- 


trol, 
W89-01811 4D 


LELAND, H. V. 
Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 
W89-01607 7C 


LEMMA, M. 
Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


LEMMER, H. 
Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 
W89-01453 5D 


LIETZAU, C. E. 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
strate, 

W89-01454 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 3. Synergisms with other Sludge 
Bacteria, 

W89-01455 5D 


LENTZ, R. W. 
Permeability of Clay to Acidic and Caustic Per- 
meants, 
W89-01621 5B 


LEONARDS, G. A. 
Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


LESIECKI, R. J. 
Activated Sludge Treatment of Selected Aque- 
ous Organic Hazardous Waste Compounds, 
W89-02064 5D 


LESTER, J. N. 
Biological Treatment, 
W89-02106 5D 


Primary Mechanical Treatment, 
W89-02105 5D 


LEVIN, M. 
Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 
W89-02247 2F 


LEVINE, A. D. 
Water Characteristics, 
W89-01466 5A 


LEWANDOWSKI, G. 
Comparison of the Microbial Response of Mixed 
Liquors from Di!ferent Treatment Plants to In- 
dustrial Organic Chemicals, 
W89-02280 5D 


Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 

W89-02282 5D 


LEWIN, J. 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


LEWIS, M. A. 
Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 
W89-01796 SC 


LEWIS, P. A. 
Study of the Reliability of Daphnia Acute Tox- 
icity Tests, 
W89-01935 5A 


LI, D. -H. 
Flow through Activated Sludge Flocs, 
W89-01459 5D 


LIBBY, L. W. 
Rural Groundwater Contamination: Impacts of 
and Potential Benefits from Land Use Planning 
and Zoning, 
W89-02219 5G 


LIETZAU, C. E. 
Federal and State Assistance for Action, 
W89-02221 


PA-21 





LILLEHAMMER, A. 


LILLEHAMMER, A. 
Stoneflies and River Regulation - A Review, 
W89-01744 2H 


LINDSTROM, M. 
Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


LING, J. T. 
3P Program: An Effective Approach to Industri- 
al Pollution, 
W89-02183 6A 


LISS, P. 
Transfer of Toxic Substances at the Air-Water 
Interface - Introduction and Examples from the 
North Sea, 
W89-02168 5B 


LIST, R. 
Precipitation Development in Natural and 
Seeded Cumulus Clouds in Southern Africa, 
W89-01375 3B 


LITCHFIELD, J. H. 
Meat, Fish, and Poultry Processing Wastes, 
W89-01482 


LIU, F. 
Protection of the Plateau Lakes in Yunnan Prov- 


ince, 
W89-02194 5G 
LIVANOS, G. 
Effects of Fluoride Concentration in Seawater 
on Growth and Fluoride Accumulation by 
Sydney Rock Oyster (Saccostrea commercialis) 


and Flat Oyster (Ostrea angasi) Spat, 
W89-01452 5C 


LLAMAS, L. 
Simulation Model for Hydrologic Management 
(Modele de Simulation de la Gestion Hydrologi- 


que), 
W89-01337 6A 


LLAMAS, M. R. 
Conflicts Between Wetland Conservation and 
Groundwater Exploitation: Two Case Histories 
in Spain, 
W89-01319 2H 


LO, M. P. 
Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 
W89-02040 SE 


LOBB, M. D. 
Microhabitat Use by the Bigmouth Chub Noco- 
mis platyrhynchus in the New River, West Vir- 
ginia, 
W89-01333 2H 
LODS-CROZET, B. 
Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 
W89-01313 2H 


LONG, E. R. 
Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 
W89-01952 SC 


LOONEY, B. B. 
Chemical Limnology of PCBs in Lake Superior 
- A Case Study, 
W89-02172 5B 


LORENZEN, D. 
Practices for Sampling Solid Wastes from Point 


Discharges and Impoundments, 
W89-01655 7A 


PA-22 


AUTHOR INDEX 


LOUCKS, O. L. 
International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


LOVE, D. W. 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 4C 


LOVELAND, D. G. 
Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 sc 


LOVETT, G. M. 
Chemical Interaction of a Forest Canopy with 
the Atmosphere, 
W89-01816 5B 


LOWE, R. L. 
Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 7C 


LUCHESSA, K. J. 
Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 
W89-01332 7B 


LUNDHOLM, B. 
Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 81 


LYKINS, B. W. 
Treatment of Water from Contaminated Wells, 
W89-02212 5F 


LYNCH, N. 
Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 sD 


LYON, W. A. 
History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 


Part I, 
W89-01288 5D 


History of Point Source Control of Nutrients in 
Pennsylvania and other Chesapeake Bay States: 
Part Il, 

W89-01289 5G 


LYTVIAK, A. T. 
Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 
W89-01673 SE 


MAC, M. J. 
Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 
ganisms, 
W89-01724 5A 


MACAULAY, M. N. 
Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
W89-02069 5D 


MACAULEY, J. M. 
Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5C 


MACAULEY, S. F. 
Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 
W89-01926 5C 


MACCUBBIN, A. E. 
Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 
W89-01846 5D 


Passive Perchorionic Carcinogen Bioassay Using 
Rainbow Trout (Salmo gairdneri) Embryos, 
W89-01914 5A 


MACIOROWSKI, A. F. 
Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


MACKAY, D. M. 
Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 5B 


Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 

W89-01664 5B 


MACKINNON, R. 
Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


MADDEN, C. J. 
Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


MAEDA, M. 
Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 
W89-02129 5A 


MAGNUSON, J. J. 
Rationale for Data Collection and Interpretation 
in the Northern Lakes Long-Term Ecological 
Research Program, 
W89-01601 TA 


MAGUIRE, R. J. 
Environmental Impact and Significance of Pesti- 
cides, 
W89-01969 5C 


MAHONEY, C. T. 
Waste Oil Recovery, 
W89-02051 5D 


MALE, J. W. 
Managing Contaminated Dredged Material: Ap- 
plication, 
W89-01359 5G 


Procedure for Managing Contaminated Dredged 
Material, 
W89-01358 5G 


MALINS, D. C. 
Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


MALLOY, J. A. 
Low-Cost Data Management for Protection of 
Ground-Water Resources: The Importance of 
Quality Assurance, 
W89-01641 71C 


MANDEL, C. J. 
Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 
W89-01678 2F 


MANNING, J. F. 
Fermentation Industry, 
W89-01484 5D 


MANNY, B. A. 
Detroit River, Michigan: An Ecological ier 
W89-01806 





St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


MANSIKKANIEMI, H. 
Flood Indices in Finnish Rivers (Suomen Jokien 
Tulvaindeksit), 
W89-01311 2E 


MAOGONG, F. 
Applications of Vyredox Method Regarding 
Iron Removal from Ground Water in China, 
W89-01411 SF 


MARCHETII, R. 
Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 5C 


MARK, A. F. 
Lake Level Control, 
W89-01881 2H 


MARKING, L. L. 
Control of Nuisance Populations of Crayfish 
with Traps and Toxicants, 
W89-01345 8I 


MARKS, R. E. 

Biodegradation of Oilfield Production Pit 
Sludges, 

W89-02025 5D 


MARLATT, R. M. 
Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 
W89-02262 5D 


MAROTZ, B. 
Instream Flows Needed for Successful Migra- 
tion Spawning and Rearing of Rainbow and 
Westslope Cutthroat Trout in Selected Tributar- 
ies of the Kootenai River, 
W89-01775 2H 


MARRIN, D. L. 
Soil Gas Analysis of Methane and Carbon Diox- 
ide: Delineating and Monitoring Petroleum Hy- 
drocarbons, 
W89-01552 SA 


MARTIN, I. 
Growing Vegetables with Little Water, 
W89-01774 3F 


MARTIN, R. C. 
Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 
W89-01771 5G 


MARTIN-ROBICHAUD, D. J. 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 5C 


MARTYN, P. C. 
Regulation of Toxic Organics in Industrial 
Sewer Discharges at the Sanitation Districts of 
Los Angeles County, 
W89-02040 SE 


Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


MASNADO, R. G. 
Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 SA 


MATHAVAN, G. N. 
Use of Peat in the Treatment of Oil-in-Water 
Emulsions, 
W89-02052 5D 


MATSUI, T. 
Marketing Sludge Compost in Japan, 
W89-01294 


MATSUMOTO, M. R. 
Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


MATTSON, G. G. 
Systems Ecology and Environmental Law: Do 
They Speak the Same Language, 
W89-01895 6E 


MAZZELLA, L. 
Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


MCBEAN, E. A. 
Disposal Activities as a Source of Contaminants 
to Large Lakes, 
W89-02160 5B 


MCBEATH, I. T. 
Overview of the Effectiveness of Canadian 
Chlor-Alkali Mercury Regulations, 
W89-02135 5G 


MCBRAYER, T. R. 
Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, 
W89-01508 5A 


MCBRIDE, J. F. 
Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


MCCAHON, C. P. 
Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 
W89-01751 2J 


MCCAIN, B. B. 
Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 


MCCLYMONT, G. L. 
Role of Mass Transport Modeling, 
W89-01662 


MCCOMIS, W. T. 
Meat, Fish, and Poultry Processing Wastes, 
W89-01482 5D 


MCCORMICK, P. V. 
Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 
W89-01795 5A 


MCCORMICK, T. M. 
Testing and Repair of a Leaking Deep Injection 
Well, 
W89-01571 SE 


MCCULLOCH, W. L. 
Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 5C 


MCDANIEL, E. W. 
Waste Immobilization in Cement-based Grouts, 
W89-01651 5E 


MCDONALD, D. B. 
Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


MERRITT, A. H. 


Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in lowa, 
W89-02011 5B 


MCDONELL, D. B. 
Lake and Reservoir Management, 
W89-01497 


MCKEE, C. R. 
Vadose Model of Gasoline Leak, 
W89-01561 5B 


MCKEE, T. M. 
Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 SE 


MCLAREN, R. G. 
Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


MCLELWAIN, T. A. 
Status Report: The Use of Engineered Covers at 
Waste Disposal Sites, 
W89-01681 SE 


MCMILLION, L. G. 
Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


MEARNS, A. J. 
Biological Implications of the Management of 
Waste Materials: The Importance of Integrating 
Measures of Exposure, Uptake, and Effects, 
W89-01951 TA 


Effects on Saltwater Organisms, 
W89-01503 5C 


MECKLEY, D. R. 
Validation of Collaborative Testing Guidelines, 
W89-01917 SA 


MEDINA, J. 
Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 
W89-01399 5B 


MEDLIN, E. 
Comparison of Ground Water Cleanup Levels; 
Two Case Histories, 
W89-01532 5G 


MELANCON, S. M. 
Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7C 


MELCER, H. 
Dissolved Oxygen Control in a Coupled Fluid- 
ized Bed System, 
W89-02060 5D 


MELEAR, E. L. 
Implementation and Enforcement of an Industri- 
al Waste Pretreatment Program in Orlando, 
Florida, 
W89-02008 5D 


MELVILLE, J. G. 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


MERCER, J. W. 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


MERRITT, A. H. 
Foundation Treatment in Karstic Limestone: El 
Cajon Hydroelectric Project, Honduras, 
W89-01364 8E 


PA-23 





METZGER, I. 


METZGER, I. 
Interpretation of In Situ Groundwater Quality 
from Well Samples, 
W89-01605 7C 


MEYER, J. L. 
Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


MEYER, P. R. 
Instream Temperature Modeling and Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 
W89-01748 6G 


MICHAEL, P. R. 
Aquatic Monitoring: A Rationale for Obtaining 
and Interpreting Aquatic Ecosystem Chemical 
Exposure Data, 
W89-01600 TA 


MIDDAUGH, D. P. 
Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 
W89-01940 5C 


MIDDLEBROOKS, E. J. 
Sensitized Photooxidation of Bromacil: Pilot, 
Bench, and Laboratory Scale Studies, 
W89-02057 5D 


MIEDZINSKI, P. 
Integrated Plant for Treatment of Dilute Haz- 
ardous Waste, 
W89-02042 5D 


MIKROUDIS, G. K. 
Effect of Pore Fluid pH on the Dynamic Shear 
Modulus of Clay, 
W89-01647 8D 


MILDE, G. 
How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 
W89-01668 5B 


MILES, S. W. 
Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


MILL, T. 
Chemical Properties Needed to Predict Expo- 
sure Potential, 
W89-02162 5A 


MILLANO, E. F. 
Cost Allocation at Superfund Sites, 
W89-02009 


MILLER, C. 
Flow and Containment of Injected Wastes, 
W89-01589 


MILLER, C. T. 
Groundwater Quality, 
W89-01499 


MILLER, G. 
Design and Use of Artificial Wetlands, 
W89-01829 2H 


MILLER, S. 
Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


MIMURA, M. 
Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 
W89-01440 5 


MINER, R. A. 
Results of an Interlaboratory Study of a Column 
Method for Leaching Solid Wastes, 
W89-01657 5B 


PA-24 


AUTHOR INDEX 


MINES, R. O. 
Activated Sludge, 
W89-01470 5D 


MINSLEY, B. 
Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 
W89-02028 5G 


MIODUSZEWSKI, D. 
Soil Moisture Monitoring and Sampling Probe 
for Underground Storage Tanks and Surface 
Impoundments, 
W89-01654 5A 


MITSCH, W. J. 
Wetlands, 
W89-01800 2H 


MIYATA, H. 
Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 
W89-01440 5B 


MOCHIDA, K. 
Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 
W89-01297 SA 


MOELLER, J. R. 
Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


MOHNEN, V. A. 
Challenge of Acid Rain, 
W89-01380 SC 


MOK, W. M. 
Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


MOLZ, F. J. 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


MONISMITH, S. 
Shear Waves and Unsteady Selective Withdraw- 
al, 
W89-01420 2H 


MONTANARI, G. 
Eutrophication in the Emilia-Romagna Coastal 
Waters in 1984-1985, 
W89-01306 5C 


MONTGOMERY, M. S. 
Integrated Plant for Treatment of Dilute Haz- 
ardous Waste, 
W89-02042 5D 


MOORE, A. 
Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


MOORE, J.C. 
Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 
W89-01905 SC 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5C 


MOPPER, K. 
Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 
W89-01421 2H 


MORAN, N. R. 
Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


MORGAN, C. 
Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 
W89-01551 5A 


MORGAN, M. S. 
Effect of Natural Water Source on the Toxicity 
of Chemicals to Aquatic Microorganisms, 
W89-01925 5A 
MORI, S. 
Lake Biwa, Its Value and Relation to Tributary 
Streams, 
W89-02144 2H 


MORIN, R. H. 
Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ging, 
W89-01404 2F 


MORRIS, J. W. 
Solids Settling Variability in Activated Sludge 
Secondary Clarifiers: Effect on Operation and 
Capacity, 
W89-02061 5D 


MORRISON, R. 
Soil Moisture Monitoring and Sampling Probe 
for Underground Storage Tanks and Surface 
Impoundments, 
W89-01654 SA 


MORTON, R. D. 
Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5C 


MOSHER, R. G. 
Aquatic Safety Assessment of Chemicals Sorbed 
to Sediments, 
W89-01957 5B 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 5A 


MOUNT, D. I. 
Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 5A 


Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 

W89-01967 5G 


MOUSTY, P. 

Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 

W89-01430 5F 


MOWERY, P. D. 


Statistical Test Procedure for Effluent Toxicity 
Screening, 


W89-01949 SA 





MUIR, D. C. G. 
Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 
W89-02126 5B 


Triazine Herbicides, 
W89-01980 5A 


MUKHERJEF, R. 
Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


MULDOON, P. 
Ecosystem Management: Overcoming Jurisdic- 
tional Diversity through Law Reform, 
W89-02192 6E 


MUMFORD, D. R. 
Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


MUNAWAR, L. F. 
Phytoplankton Bioassays for Evaluating Toxici- 
ty of In Situ Sediment Contaminants, 
W89-01723 5C 


MUNAWAR, M. 
Effects of Contaminants on Algae: An Over- 
view, 
W89-02127 5C 


Phytoplankton Bioassays for Evaluating Toxici- 
ty of In Situ Sediment Contaminants, 
W89-01723 5C 


MUNDELL, J. A. 
Design and Testing of a Compacted Clay Bar- 
rier Layer to Limit Percolation Through Land- 
fill Covers, 
W89-01629 5G 


MUNTAJU, H. 
Case Study on the Fate of Heavy Metals: Lake 
Maggiore, Italy, 
W89-02173 5B 


MURALIDHARA, D. 
Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 
W89-02235 2F 


MURAMOTO, S. 
Effects of Surface-Active Agents on the Salinity 
Tolerance of Water Hyacinth (Eichhornia cras- 


sipes), 
W89-01329 5D 


MURPHY, C. E. 
Gas Exchange Between Forest and Atmosphere, 
W89-01817 5B 


MURPHY, J. W. 
Vadose Model of Gasoline Leak, 
Ww89-01561 5B 


MURPHY, T. J. 
Significance of Atmospheric Inputs of Toxic 
Materials to Large Lakes, 
Ww89-02161 SC 


MURRAY, R. E. 
Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 
W89-01846 5D 


MURREY, A. E. 
Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


MURTHY, B. N. 
Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 5C 


AUTHOR INDEX 


MURTI, C. S. 
Comparison of Recharge Estimates from Inject- 
ed Tritium Technique and Regional Hydrologi- 
cal Modelling in the Case of a Granitic Basin in 
Semiarid India, 
W89-02235 2F 


MUSA, S. A. 
Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


MYERS, G. R. 
Site Suitability for Waste Injection, Vickery, 


Ohio, 

W89-01580 SE 
NALEPA, T. F. 

Toxic Contaminants and Benthic Organisms in 


the Great Lakes: Cycling, Fate and Effects, 
W89-02128 


NAMASIVAYAM, C. 
Algae Flocculation in Reservoir Water, 
W89-01285 5G 


NARAYANAN, R. 
Estimating Costs Model of Dual Water Supply 
Systems, 
W89-01369 SF 


NATUSCH, G. G. 
State (Large-scale) Hydroelectric Resources, 
W89-01872 


NAVADA, S. V. 
Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 
W89-02236 2F 


NEAL, R. A. 
Toxicology Testing as a Control Strategy, 
W89-02164 


NEALON, J. S. 
Study of Current Underground Injection Con- 


trol Regulations and Practices in Illinois, 
W89-01579 SE 


NEARY, D. G. 
Effects of Pesticide Applications on Forested 
Watersheds, 
W89-01708 5C 


NEFF, J. M. 
Use of Biochemical Measurements to Detect 
Pollutant-Mediated Damage to Fish, 
W89-01941 5C 


NEILSON, A. H. 
Experimental Procedures for Environmental 
Hazard Assessment, 
W89-02134 SA 


NEILSON, J. M. 
Measures to Benefit Wetland Birds, 
W89-01885 2H 


NEITZEL, D. A. 
Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 SC 


NELL, J. A. 
Effects of Fluoride Concentration in Seawater 
on Growth and Fluoride Accumulation by 
Sydney Rock Oyster (Saccostrea commercialis) 
and Flat Oyster (Ostrea angasi) Spat, 
W89-01452 5C 


NELSON, W. 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 5C 


NESPOLI, G. 
Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 
W89-01304 5c 


NORCROSS, K. L. 


NEUFELD, R. D. 
Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 
W89-02283 5D 


NEUHOLD, J. M. 
Toward a Meaningful Interaction Between 
Ecology and Aquatic Toxicology, 
W89-01894 5C 


NEWBOLD, J. D. 
Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


NEWELL, C. J. 
Development and Application of a Ground 
Water Modeling Database and Expert System, 
W89-01563 7C 


NEWHOOK, R. C. 
Evaluation of Simple Generic Aquatic Ecosys- 
tem Tests to Screen the Ecological Impacts of 
Pesticides, 
W89-01791 5C 


NIBLING, F. L. 
Characteristics of Some Large-Scale Reservoirs 
in the U.S. and Canada, 
W89-01992 2H 


NICHOLS, D. S. 
Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


NIEDERLEHNER, B. R. 
Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 5C 


NIELSEN, H. P. 
Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 


NIELSEN, L. A. 
Administration of the Fish Contaminant Pro- 
gram in a Decentralized State Agency, 
W89-02150 6E 


NIKANAROV, A. M. 
Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
Ww89-02171 5B 


NIRMALAKHANDAN, N. 
Toxicity Assays and Molecular Structure Toxic- 


ity, 
W89-02270 5D 


NOHRSTEDT, J. S. 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


NOONE, K. J. 
Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


NORBERG, T. J. 
Diets for Ceriodaphnia reticulata Life-Cycle 
Tests, 
W89-01933 SA 


NORCROSS, K. L. 
SBR Treatment of Hazardous Wastewater - 
Full-Scale Results, 
W89-02281 5D 


Start-Up and Operation Results from SBR 


Treatment of a Meat Processing Wastewater, 
W89-02053 


PA-25 





NORRIS, J. E. 


NORRIS, J. E. 
Treating Industrial Plant Wastewater: Meeting 
Today’s Compliance Challenges, 
W89-01400 5D 


NORSTROM, R. J. 
Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 
W89-02126 5B 


NOVAK, J. T. 
Biodegradation of Organic Compounds in 
Anoxic Groundwater Systems, 
W89-02027 5G 


NOVOTNY, S. J. 
Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


NOVOTNY, V. 
Handbook of Nonpoint Pollution: Sources and 
Management, 
W89-01822 5B 


NUBBE, M. E. 
Organics, 
W89-01465 SA 


NUTTLE, W. 
Significance of Hydrology to Wetland Nutrient 
Processing, 
W89-01839 5D 


NYSTROM, M. 
Interactions between Chlorolignin and Polysul- 
fone Ultrafiltration Membranes, 
W89-01438 5D 


O’CONNOR, J. T. 
Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


O’DONNEL, J. R. 

Bioavailability of Trace Metals in 
Waters, 

W89-01960 5B 


O’HARA, K. 
Freshwater Fisheries Management and Pollution 
in Britain: An Overview, 
Ws89-02151 8I 


O’NEIL, D. 
Federal and State Assistance for Action, 
W89-02221 6E 


O'NEILL, R. V. 
Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 x 


Natural 


Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5C 


O’SHAUGHNESSY, J. C. 
Chemical Enhancement and Depression of 
Oxygen Transfer in Industrial Wastewaters, 
W89-02059 5D 


Enhanced Treatment of High Strength Soft 
Drink Bottling Wastewaters, 
W89-02066 5D 


Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


OBERHOLTZER, C. 
Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 
W89-01675 SA 


ODUM, H. T. 
Water Conservation Wetland Values, 
W89-01833 


PA-26 


S-228586 


AUTHOR INDEX 


OGAKI, J. 
Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 
W89-01440 5B 


OGREN, J. A. 
Cloud Droplets: Solute Concentration is Size 
Dependent, 
W89-01436 7B 


OHGUCHI, T. 
Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 
W89-01316 5B 


OHNISHI, H. 
Variation in Properties of Sewage Sludge, 
W89-01302 


OIKARI, A. 
Assessment of Water Contamination by Chloro- 
phenolics and Resin Acids with the Aid of Fish 
Bile Metabolites, 
W89-01912 5C 


OJALA, A. 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 5C 


OKI, Y. 
Effects of Surface-Active Agents on the Salinity 
Tolerance of Water Hyacinth (Eichhornia cras- 
sipes), 
W89-01329 5D 


OLEM, H. 
Coal and Coal Mine Drainage, 
W89-01488 5G 


OLESZKIEWICZ, J. A. 
Toxicity of Sulfides to the Anaerobic Treatment 
Process, 
W89-02077 5D 


OLIVIERI, I. 
Effect of Organic Fluids on the Pore Size Distri- 
bution of Compacted Kaolinite, 
W89-01626 8D 


OLLINGER, W. M. 
Sorption of 2,4-Dichlorophenol and 1,1,1-Trich- 
loroethane onto Three Soils, 
W89-02082 5B 


OLSON, R. E. 
Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


OLSON, R. K. 
Chemical Interaction of a Forest Canopy with 
the Atmosphere, 
W89-01816 5B 


ONCESCU, M. 
Monte Carlo Method in Radiotracer Experi- 


ments, 
W89-01985 2A 


OPPERHUIZEN, A. 
Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


OREGIONI, B. 
Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


ORESIK, W. L. 
Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 
W89-02028 5G 


ORTH, D. J. 
Microhabitat Use by the Bigmouth Chub Noco- 
mis platyrhynchus in the New River, West Vir- 
inia, 


W89-01333 2H 


0338(35)(13-JAN-89-10:00:09) 


ORTOLANO, L. 
Lessons from EIA for Bicol River Development 
in Philippines, 
W89-01367 6G 


OSBORN, D. 
Lead and Mercury in the Mediterranean, 
W89-02132 


OSHIDA, P. S. 
Effects on Saltwater Organisms, 
W89-01503 5C 


OTTMANN, F. 
Syngenetic Origin of Gypsum Crystals Bearing 
Bacterial Calcite Neoformation, Discovered 
within Suspended Matter in the Loire River 
Estuary, 
W89-01512 2L 


OU, K. C. 
Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 
W89-02277 5D 


OVERHOLTZER, J. K. 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


OWEN, R. B. 
Opaline Cherts Associated with Sublacustrine 
Hydrothermal Springs at Lake Bogoria, Kenya 
Rift Valley, 
W89-01334 2H 


PADILLA, F. 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour I’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de I’Eau), 
W89-01339 2G 


PAGANO, G. 
Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 5C 


PAGE, T. L. 
Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 5C 


PAIGE, W. E. 
Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


PAIK, B.C. 
Treatment of Cr(VI) Containing Wastewater by 
Addition of Powdered Activated Carbon to the 
Activated Sludge Process, 
W89-02019 5D 


PAILLET, F. L. 
Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ging, 
W89-01404 2F 


PALMER, C. D. 
Mass Transfer of Organics Between Soil, Water 
and Vapor Phases: Implications for Monitoring, 
Biodegradation and Remediation, 
W89-01559 5B 


Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 

W89-01537 5G 





PAS ACAOTOPOL LOS. A. Z. 
Deep Weill Injection of Aqueous Hydrochloric 
Rod 
WRG S59) 


PANARELLO, HO 
Growndwater Recharge aad Subsuriace Flow 
the Comeadara Rivwadavia Area, Ch 
mee, Argentina: kotopic and Hydrochemical 
Study 


WR94I2247 2F 


PANKOW, JF 
Dissolution of Residual 
Phase Liquid (DNAPL) 
Porous Medneen 
WRIA S55 SB 


Deme Non-Aqueous 
From 2 Saturated 


PANT, J. 
Gill, Laver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.) 
WRIA 29% SC 


PANT, 4.C. 
Gill, Liver, and Kidney Lesions Associated with 
Experimental Exposures to Carbaryl and Di- 
methoate in the Fish (Puntius conchonius Ham.) 
WRO4129% SC 
PANTELAS, G. 
Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 
WHIMNIH) 5B 


PAPOUTSOGLOL, S. E. 
Sublethal Toxicity and Accumulation of Cadmi- 
um in Tilapia aurea, 
WHI 39% 5C 


PARK, J. E. 
Activated Sludge Treatment of Selected Aque- 
ous Organic Hazardous Waste Compounds, 
W#9-02064 5D 


PARKIN, G. F. 
Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W49-402034 5D 


Principles of Bioreclamation of Contaminated 
Ground Water and Leachates, 
WHI-01644 5G 


Toxicity of Nickel in Methane Fermentation 
Systems: Fate and Effect on Process Kinetics, 
W#9-02272 5D 


PARKS, J, W. 
Accelerating Recovery of the Mercury-Con- 
taminated Wabigoon/English River System. 
W49-01730 5G 


PASTOR, A. 
Determination of Lead in Treated Crayfish Pro- 
cambarus clarki: Accumulation in Different Tis- 
sues, 
W#9-01399 5B 


PATEL, G.N, 
Seasonal and Spatial Distribution of Iron Pre- 
cipitating Heterotrophs in Water and Sediments 
of Fish Ponds of Differing Farming Manage- 
ments, 
W#9-01271 2H 


PATRIC, J, H. 
Research on Interception Losses and Soil Mois- 
ture Relationships, 
W89-01700 2A 


PATRICK, G, 
Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 
W289-01595 SE 


Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 

WR9.01594 SE 


PATRICK. GC. 
Dewelopuvent of Design Criteria for Treatment 
of Metal-Contaming Wastewaters at Ook Ridge 
National Laboratory 
wag-02087 : sD 


Natural-Gradsent Tracer Soudy 
Benzene. Toluene and 
Water 

WISD1676 $B 


of Dusolved 
Xylenes m Ground 


PATRICK. J. ML 
Field and Laboratory Toscity Tests with 
p. Mywds, and Sheepshead Minnows Ex- 
posed to Fenthion. 
Wa9D1WS sc 


PATTAY, D. 
Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
at a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac}: Resultats Preli- 
minaires), 
W9-01313 2H 


PATTERSON, J.C. 
Modeling Turbulent Transport in Stratified Es- 
tuary,. 
WA9-01419 SB 


PAUL, J. A. 
Town and Country Planning, 
W89-01875 6A 


PAUSE, S. M. 
On-site Alternatives for Treatment and Disposal, 
W89-01475 5D 


PAYNE, J. A. 
Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-41353 5B 


PEAKALL, D. B. 
Known Effects of Pollutants on Fish-Eating 
Birds in the Great Lakes of North America, 
W89-02124 SC 


PEASE, R. A. 
Chemical Fate of Injected Wastes, 
W89-01590 5B 


PEDDICORD, R. K. 
Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


PEDERSEN, S. 
‘Who's on First’ with Right to Know, 
W89-01291 6E 


PENUELAS, J. 
Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


PERFETTA, J. 

Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 

W89-01313 2H 


PERRY, M. C. 
Food Habits and Distribution of Wintering Can- 
vasbacks, Aythya valisineria, on Chesapeake 
Bay, 
W89-01426 2L 


PERRY, W. B. 
Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4c 


PICKERING, Q. 


PESCH. C. E. 
Effect of Duet om Copper Tosicity to Neanthes 
renacendentats (Anmeinds Polychaets), 
wisi sC 


PETERS. D. S. 
Implications of Waste Disposal m Coastal 
Waters om Fish Populations, 
WiSD1954 $C 


PETERS. K. 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poeciiti- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants. 
W89D1395 SA 


PETERS, R. W. 
Effect of Inorganic Cations on Biological Fixed- 
Film Systems, 
W89-02275 5D 


Investigation of Inground Biological Treatment 
for Groundwaters Contaminated with Volatile 
Organic Compounds, 

W89-02028 5G 


PETERSEN, R. C. 
Population and Guild Analysis for Interpretation 
of Heavy Metal Pollution in Streams, 
W89-01792 $C 


PETERSON, R. H. 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 sc 


PETERSON, S. R. 
Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


PETRIE, S. 
Start-Up and Operation Results from SBR 
Treatment of a Meat Processing Wastewater, 
W89-02053 5D 


PETROSKY, C. E. 
Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


PETTS, G. E. 
Time-Scales for Ecological Change in Regulated 
Rivers, 
W89-01753 2E 


PEYTON, G. R. 
Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 
als, 
W89-01672 2F 


Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


PHILIPP, J. A. 
Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 SA 


PHILLIPS, X. 
Managing Contaminated Dredged Material: Ap- 
plication, 
W89-01359 5G 


PICKERING, Q. 
Effects of Pollution on Freshwater Organisms, 
W89-01502 sx 


PA-27 





PICO, R. F. 


PICO, R. F. 
Dairy Wastes, 
W89-01485 5D 


PILAPITIYA, S. 
Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


PILLI, A. 
Effects of Pollution on Freshwater Organisms, 
W89-01502 5C 


PIONTEK, K. 
Pentachlorophenol Adsorption on Soils and Its 
Potential for Migration into Ground Water, 
W89-01642 5B 


PIRAGES, S. W. 
Hazardous Waste 
Treatment, 
W89-02269 5D 


Management: Biological 


PIWONI, M. D. 
Optimizing Recovery of Contaminant Residuals 
by Pulsed Operation of Hydraulically Depend- 
ent Remediations, 
W89-01537 5G 


PLACE, M. 
Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 
W89-01616 5G 


PLIMMER, J. R. 
Contribution of Agricultural Pesticides to 
Worldwide Chemical Distribution, 
W89-02159 5B 


PLUMB, R. H. 
Disposal Site Monitoring Data: Observations 
and Strategy Implications, 
W89-01669 5B 


POHLAND, F. G. 
Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


POLE, S. 
Industrial Waste Disposal Wells: Mechanical In- 
tegrity, 
W89-01569 SE 


POLICH, J. W. 
Cost Allocation at Superfund Sites, 
W89-02009 5G 


POLLARD, J. E. 
Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7¢ 


POLLMAN, C. D. 
Contributions of Urban Activities to Toxic Con- 
tamination of Large Lakes, 
W89-02157 5B 


POON, C. P. C. 
Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 
W89-02262 5D 


POPP, C. J. 
Use of Radiometric (Cs-137, Pb-210), Geomor- 
phic, and Stratigraphic Techniques to Date 
Recent Oxbow Sediments in the Rio Puerco 
Drainage Grants Uranium Region, New Mexico, 
W89-01320 4C 


POPPE, W. L. 
Dissolved Oxygen in Streams and Reservoirs, 
W89-01498 5G 
PORTER, W. M. 


Flow and Containment of Injected Wastes, 
W89-01589 SE 


PA-28 


AUTHOR INDEX 


POSTON, T. M. 
Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 SC 


POWELL, J. D. 
Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 
W89-01315 5B 


POWELL, R. M. 
Organic Cation Effects on the Sorption of 
Metals and Neutral Organic Compounds on Aq- 
uifer Material, 
W89-01328 5B 


POWER, J. 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 


PRABHAKARAN, G. 
Algae Flocculation in Reservoir Water, 
W89-01285 5G 


PRASIFKA, D. W. 
Current Trends in Water-Supply Planning: 
Issues, Concepts, and Risks, 
W89-02257 SF 


PRAT, C. 
Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 
W89-01443 5D 


PRATT, J. R. 
Comparison of Estimates of Hazard Derived at 
Three Levels of Complexity, 
W89-01786 5C 


Developing a Sampling Strategy, 
W89-01611 TA 


Effect of 3-Trifluoromethyl-4-Nitrophenol on 
the Structure and Function of Protozoan Com- 
munities Established on Artificial Substrates, 

W89-01795 5A 


Factors Affecting the Acceptance and Rejection 
of Genetically Altered Microorganisms by Es- 
tablished Natural Aquatic Communities, 

W89-01908 5B 


Substrate Associated Microbiota, 
W89-01505 pW 


PRICE, C. L. 
Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 SA 


PRICE, W. A. 
Impact of Drilling Fluids on Seagrasses: An 
Experimental Community Approach, 
W89-01793 5C 


PRICHARD, H. 
Radon Distribution in Domestic Water of Texas, 
W89-01401 5B 


PRICKETT, T. A. 
Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 
W89-01585 SE 


PRIDMORE, R. D. 
Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


PRIMEAV<X, A. D. 
Geophysical Survey to Investigate Contaminant 
Migration from a Waste Site, 
W89-01677 5B 


PRIOR, S. J. 
Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in Iowa, 
Ws89-02011 5B 


PRITCHARD, P. H. 
Fate of Pollutants, 
W89-01501 5B 


PROTASOV, A. A. 
Structure of Periphytic Communities in Cooling 
Pond of Nuclear Power Plant, 
W89-01273 2H 


PROVINI, A. 
Eutrophication of Inland and Coastal Waters in 
Italy, 
W89-01305 5C 


PRYFOGLE, P. A. 
Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 
tive Testing: Experience with a Soil Toxicity 
Bioassay, 
W89-01923 SA 


PTAK, T. 
Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


PUIG, M. A. 
Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 6G 


PUROHIT, R. 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 


QIN, R. 
GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


QUIGLEY, R. M. 
Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 
W89-01640 5B 


QUILLIN, J. S. 
Sludge Treatment, Utilization, and Disposal, 
W89-01474 5D 


RABIDEAU, A. J. 
Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


RADOUX, M. 

Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 
un Lagunage a Microphytes Sous un Meme Cli- 
mate Tempere), 

W89-01524 5D 


RAEF, S. F. 
Mechanical Integrity of Class 1 Injection Wells, 
W89-01567 SE 


RAGSDALE, H. L. 
Trace Metals in the Atmosphere, Forest Floor, 
Soil, and Vegetation, 
W89-01711 5C 


RAGUCCI, E. 
Sea Urchin: Bioassay for the Assessment of 
Damage from Environmental Contaminants, 
W89-01787 


RAGUIN, J. 
Leaching Test Characterization of Iron and 
Steel Industry Waste, 
W89-01635 5A 





RAIA, J.C. 
Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 SA 


RAJPUT, V. S. 
Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


RAM, R. M. 
Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 
W89-01390 s¢ 


RAMACHANDRAN, R. 
Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


RAMANAND, K. 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


RAMBAUD, A. 
Nitrate Content in Fracture Zone Groundwater 
in the Humid Tropics as Related to Deforest- 
ation (La Teneur en Nitrates des Nppes de 
Fssures de la Zone Tropicale Humide en Rela- 
tion avec les Problemes de Deforestation), 
W89-01309 


RAMEY, M. P. 
Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 
W89-01739 2E 


RANA, S. M. 
Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


RANGARAJAN, R. 
Natural Recharge Measurements in the Hard 
Rock Regions of Semi-Arid India Using Tritium 
Injection - A Review, 
W89-02234 7B 


RANK, D. 
Feasability Study on the Retrospective Evalua- 
tion of Anomalous Local Tritium Fallout by the 
Analysis of Tree Rings from Selected Districts 
in Austria and Hungary, 
W89-02263 5B 


RAO, K. V. R. 
Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 5C 


RAO, P. S.C. 
Example Model Testing Studies, 
W89-01864 7 


Overview of Terrestrial Processes and Model- 


ing, 
W89-01 860 5B 


RAO, S. M. 
Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 
W89-02236 2F 


RAO, V. C. 
Reconcentration of Viruses from Primary 
Eluates, 
W89-02117 5A 


RAPHAEL, C. N. 
St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


AUTHOR INDEX 


RAPTIS, T. J. 
Supercritical Deep Well Wet Oxidation of 
Liquid Organic Wastes, 
W89-01596 5D 


RASDORF, W. J. 
Classifying Industrial Sludge Using a Knowl- 
edge-Based Expert System, 
W89-02044 5G 


RAVAIOLI, M. 
Sediments and Pollution in the Northern Adriat- 
ic Sea, 
W89-01308 5B 


RAYMOND, R. L. 
Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 
W89-01541 5G 


RAZACK, M. 
Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
I. Recharge of the Aquifer, 
W89-01317 2F 


Effect of the Environment on the Hydrochemi- 
cal Characteristics of an Alluvial Aquifer Fol- 
lowing an Exceptional Multiyear Drought 
(Mediterranean Seashore, Herault, France): Part 
II. Climatology and Agronomy, 

W89-01318 2F 


READES, D. W. 
Status Report: The Use of Engineered Covers at 
Waste Disposal Sites, 
W89-01681 SE 


REBHUN, M. 
Biotreatment Inhibition by Hazardous Com- 
pounds in an Integrated Oil Refinery, 
W89-02024 5D 


Water Reuse and Recycling in Industry, 
W89-02039 5D 


REDDY, K. J. 
Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


REDDY, M. S. 
Changes in Nitrogen Metabolism of Penaeid 
Prawn, Penaeus indicus, during Sublethal Phos- 
phamidon and Methylparathion-induced Stress, 
W89-01391 5C 


REDDY, R. S. 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(++)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 5C 


REECE, C. H. 
Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 
W89-01950 5A 


REED, D. M. 
Ecological Evaluation Procedure for Determin- 
ing Wetland Suitability for Wastewater Treat- 
ment and Discharges, 
W89-01852 5D 


REED, P. A. 
National Pesticides in Well Water Survey, 
W89-02213 5A 


REED, S. C. 
Wetlands for Wastewater Treatment: An Engi- 
neering Perspective, 
W89-01858 5D 


REVACLIER, R. 


REGIER, H. A. 
International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


REICHENBACH, N. G. 
Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


REID, G. R. 
Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 
W89-01675 SA 


REID, M. E. 
Hydrologic Factors Triggering a Shallow Hills- 
lope Failure, 
W89-01363 2G 


REID, R. C. 
Deep-Well Injection of Aqueous Hydrochloric 
Acid, 
W89-01591 SE 


REINERS, W. A. 
Chemical Interaction of a Forest Canopy with 
the Atmosphere, 
W89-01816 5B 


REINERT, K. H. 
Fate and Persistence of Aquatic Herbicides, 
W89-01383 5B 


REINKE, D. C. 
Evaluation of the Use of Community Similarity 
Techniques as Applied to Phytoplankton Com- 
munities, 
W89-01784 2H 


REISER, D. W. 
Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 
W89-01739 2E 


REISH, D. J. 
Effects on Saltwater Organisms, 
W89-01503 5C 


REISINGER, H. J. 
Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 SC 


REN-YUAN, S. 
Brief Introduction to Technical Reformation of 
Purification Facilities in Shanghai Municipal 
Waterworks Company, 
W89-01428 SF 


RENAUDETTE, W. J. 
Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 
W89-01929 5A 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 5A 


RENAUT, R. W. 
Opaline Cherts Associated with Sublacustrine 
Hydrothermal Springs at Lake Bogoria, Kenya 
Rift Valley, 
W89-01334 2H 


REPA, E. W. 
Evaluating the Effectiveness of an Asphalt Cap 
at a Superfund Site, 
W89-01682 SE 


REVACLIER, R. 


Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 


PA-29 





REVACLIER, R. 


(Etude Physico-chimique, Bacteriologique et 
Biologique de |’Allondon Genevoise), 
W89-01314 5C 


REYNOLDS, G. W. 
Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 
W89-01674 SA 


REYNOLDSON, T. B. 
Interactions Between Sediment Contaminants 
and Benthic Organisms, 
W89-01719 5B 


REZAEI, A. A. 
Analysis of the Migration Pattern of Injected 
Wastes, 
W89-01586 2F 


RHEE, C. H. 
Removal of Oil and Grease in the Hydrocarbon 
Processing Industry, 
W89-02022 5D 


RHEE, G.-Y. 
Effects of Contaminants on Algae: An Over- 
view, 


W89-02127 5c 


RICHARDSON, C. J. 
Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


RICHARDSON, G. 
Geosynthetics: Cleanup Tools, 
W89-01346 8G 


RICHEY, J. S. 
Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 
W89-01606 TA 


RIES, H. 
Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 
W89-01453 5D 


RIFAI, H. S. 
Bioplume II: Two Dimensional Modeling for 
Hydrocarbon Biodegradation and In Situ Resto- 
ration, 
W89-01556 5B 


RILEY, J.A. 
Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


RINALDI, A. 
Eutrophication in the Emilia-Romagna Coastal 
Waters in 1984-1985, 
W89-01306 5sC 


RINALDO-LEE, M. B. 
Evaluation of Paint Filter Test Method to De- 
termine Free Liquid in Waste Samples, 
W89-01659 SE 


RIO, J. M. 
Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 


RIPLEY, B. D. 
Carbamate Pesticides, 
W89-01978 5A 


Organophosphorus Pesticides, 
W89-01975 SA 


RISSLER, J. 
Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 
Act, 
W89-01906 5C 


PA-30 


AUTHOR INDEX 


RITCHEY, J. D. 
Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 
als, 
W89-01672 2F 


RITCHIE, J. T. 
Using Crop Models as a Decision Support 
System to Reduce Nitrate Leaching, 
W89-02207 5G 


RITTMANN, B. E. 
Mass Transport to Streambed Biofilms, 
W89-01449 5B 


RIVERA, A. L. 
Continuous Monitoring, Automated Analysis, 
and Sampling Procedures, 
W89-01467 7B 


RIZAIZA, O. A. 
Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


ROBBINS, G. A. 
Influence of Pore Air/Water Exchange on the 
Diffusion of Volatile Organic Vapors in Soil, 
W89-01560 5B 


Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 

W89-01548 5A 


ROBERTS, A. H. 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 2J 


ROBERTS, P. V. 
Natural-Gradient Experiment on Organic Solute 
Transport in a Sand Aquifer: Synopsis of Re- 
sults, 
W89-01664 5B 


ROBERTSON, A. 
Setting Priorities for Great Lakes Environmen- 
tal Quality Research, 
W89-02188 6A 


ROBINET-CLARK, Y. S. 
Organics, 
W89-01465 5A 


ROBINSON, H. D. 
Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 
W89-01451 5D 


RODGERS, J. H. 
Fate and Persistence of Aquatic Herbicides, 
W89-01383 5B 


Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 
W89-01956 


Use of Hexavalent Chromium as a Reference 
Toxicant in Aquatic Toxicity Tests, 
W89-01922 5A 


RODGERS, P. W. 
Waste: The Enigma of the 80's, 
W89-02156 6A 


RODI, W. 
Turbulence Modeling of Surface Water Flow 
and Transport: Part I, 
W89-01412 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part II, 
W89-01413 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part III, 
W89-01414 2E 


Turbulence Modeling of Surface Water Flow 
and Transport: Part IV, 
W89-01415 7B 


Turbulence Modeling of Surface Water Flow 
and Transport: Part V, 
W89-01416 2E 


RODRIGO, A. M. 
Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


RODRIGUES, J. D. 
BALSEQ - A Model for the Estimating of 
Water Balances, Including Aquifer Recharges, 
Requiring Scarce Hydrologic Data, 
W89-02242 2F 


ROE, V. D. 
Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 
W89-01548 5A 


ROEPER, U. 
Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


ROGERS, G. A. 
Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 
W89-02049 8F 


ROGERS, R. D. 
Applicability of Using a Single Laboratory 
Evaluation to Select Candidates for Collabora- 
tive Testing: Experience with a Soil Toxicity 
Bioassay, 
W89-01923 5A 


ROGET, E. 
Effect of Suspended Sediment on the Heating of 
Lake Banyoles, 
W89-01435 2H 


ROHLIK, A. R. 
Complex Matrix in Environmental Chemistry 
for the Petrochemical Industry, 
W89-01649 5A 


ROMERO, R. 
Metal Multivariate Relations in Ecological Seg- 
ments, 
W89-01441 5B 


ROSS, C. C. 
Agricultural Wastes, 
W89-01486 5D 


Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


ROWE, R. K. 
Leachate Migration Through Clay below a Do- 
mestic Waste Landfill, Sarnia, Ontario, Canada: 
Chemical Interpretation and Modelling Philoso- 
phies, 
W89-01640 5B 


ROY, D. 
Effect of an Anionic Detergent on the Lipid 
Moieties of Various Cell Types in the Opercular 
Epidermis of Rita rita, 
W89-01392 p 


ROY, T. 
Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 





ROY, W. R. 
Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


ROZICH, A. F. 
High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


RUANE, R.J. 
Tradeoffs Between Stream Regulation and Point 
Source Treatments in Cost-Effective Water 
Quality Management, 
W89-01758 5G 


RUDD, T. 
Scope of the Problem, 
W89-02098 


Sludge Treatment, 
W89-02107 


RUMP, H. H. 
Dioxin: Treatment with Ozone, 
W89-02056 5D 


RUNNELLS, D. D. 
Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 
W89-01585 SE 


RUSHTON, K. R. 
Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


RUSINCOVITCH, F. 
Use of Wetlands for Wastewater Treatment and 


Effluent Disposal: Institutional Constraints, 
W89-01855 


RUSSELL, J. M. 
Irrigation of Pasture with Meat-Processing Plant 
Effluent, 
W89-02055 SE 


RUSSOM, C. L. 
Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 
W89-01924 5C 


RYAN, C. R. 
Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 


RYAN, P. M. 
Overview of Michigan Groundwater Law, 
W89-02216 6E 


RYDER, R. A. 
Effects of Contaminants Loadings on Fisheries 
Yields from Large Lakes, 
W89-02145 5C 


SABATER, S. 
Chemical and Biological Changes in the Ter 


River Induced by a Series of Reservoirs, 
W89-01762 6G 


SABRI, S. 
Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


SACK, W. A. 
Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


AUTHOR INDEX 


Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 

W89-02016 5D 


SAEZ, P. B. 
Competitive Kinetic Model of Suspended- 
Growth Inhibited Biological Systems, 
W89-02271 5D 


SAINT-FORT, R. 
Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 
W89-01330 5B 


SAJJAD, A. 
Effects of Environmental Factors on Acid-Phase 
Digestion of Sewage Sludge, 
W89-02076 5D 


SAKSA, F. I. 
Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 
W89-01958 5B 


SALANITRO, J. P. 
Effects of Dissolved Oxygen on the Biodegrada- 
tion of BTX in a Sandy Aquifer, 
W89-01557 5B 


Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


SALAZAR, M. 
Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 
W89-01592 SE 


SALEH, F. Y. 
Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 
W89-01956 


SALOMONS, W. 
Sediments as a Source for Contaminants, 
W89-01716 5B 


SALONEN, K. 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 5C 


SALTVEIT, S. J. 
Predicting the Effects of a Possible Temperature 
Increase Due to Stream Regulation on the Eggs 
of Whitefish (Coregonus ‘v aretus) - A Labora- 
tory Approach, 
W89-01750 5C 


Stoneflies and River Regulation - A Review, 
W89-01744 2H 


SANDERS, S. J. 
Chemical Fate of Injected Wastes, 
W89-01590 5B 


SARGENT, T. N. 
Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 
W89-01595 SE 


Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 

W89-01594 5E 


SARHAN, M. A. 
Model of Residual Currents and Pollutant Trans- 
port in the Arabian Gulf, 
W89-01361 5B 


SCHOENBERGER, R. J. 


SARTORIS, J. J. 
Characteristics of Some Large-Scale Reservoirs 
in the U.S. and Canada, 
W89-01992 2H 


SAUER, D. K. 
Wisconsin Groundwater Quality Standards: Can 
Wastewater Land Treatment Systems Meet 
Them, 
W89-02080 6E 


SAUVEPLANE, C, M. 
Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 
W89-01587 2F 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


SAYED, A. R. 
Health Aspects of the Use of Recycled Water in 
Windhoek, SWA/Namibia, 1974-1983, 
W89-01378 SF 


SAYRE, P. G. 
Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


SCARDI, M. 
Structure of the Epiphytic Community of Posi- 
donia oceanica Leaves in a Shallow Meadow, 
W89-01522 2L 


SCHAAF, W. E. 
Implications of Waste Disposal in Coastal 
Waters on Fish Populations, 
W89-01954 SC 


SCHAUER, P. S. 
Effect of Diet on Copper Toxicity to Neanthes 
arenaceodentata (Annelida: Polychaeta), 
W89-01920 5C 


SCHEPERS, J. S. 


Impacts of Chemigation on Groundwater Con- 
tamination, 
W89-02202 5B 


SCHIEFER, G. E. 
Validation of Collaborative Testing Guidelines, 
W89-01917 SA 


SCHIEGG, H. O. 
Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


SCHLAWECK, K. I. 
International Comparison of Water Prices, 
W89-01427 6C 


SCHLEYER, C. A. J. 
Three Low Cost Pumping Systems For Hydro- 
carbon Contaminated Ground Water, 
W89-01534 5G 


SCHMEDNECHT, F. 
Thin Slurry Cutoff Walls Installed by the Vi- 
brated Beam Method, 
W89-01615 5G 


SCHMELTER, S. L. 
Lands and Natural Resources, 
W89-01527 


SCHNOOR, J. L. 
Biotransformation, 
W89-01868 5B 


SCHOENBERGER, R. J. 
Implementation of an Aqueous Waste Substitu- 
tion Project at Giant Cement Company and 


PA-31 





SCHOENBERGER, R. J. 


Compliance with the Associated Permits by 
South Carolina Department of Health and Envi- 
ronmental Control, 

W89-02048 3C 


SCHORR, P. 
Reusing Water, 
W89-01347 3C 


SCHROEDER, J. H. 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 
W89-01395 5A 


SCHWAN, M. 
Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 


SCHWARTZ, F. W. 
Role of Mass Transport Modeling, 
W89-01662 5B 


SCHWENDEMAN, T. G. 
Underground Storage Systems: Leak Detection 
and Monitoring, 
W89-01765 5A 


SCHWILLE, F. 
Migration of Organic Fluids Immiscible with 
Water in the Unsaturated and Saturated Zones, 
W89-01665 5B 


SCOTT, D. 
Critique of the Instream Flow Incremental 
Methodology and Observations on Flow Deter- 
mination in New Zealand, 
W89-01738 7C 


SCOTT, K. J. 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 x 


SCOTT, L. 
Effect of Organic Fluids on Hydraulic Conduc- 
tivity of Compacted Kaolinite, 
W89-01624 8D 


SCOTT, S. 
Wisconsin Groundwater Quality Standards: Can 
Wastewater Land Treatment Systems Meet 
Them, 
W89-02080 6E 


SCRIVNER, N. C. 
Chemical Fate of Injected Wastes, 
W89-01590 5B 


SEASTEDT, T. R. 
Soil Arthropods and Their Role in Decomposi- 
tion and Mineralization Processes, 
W89-01702 2G 


SEEGERT, G. 
How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


SELAOLO, E. 
Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


SELVAKUMAR, A. 
Correlation of Compound Properties With Bio- 
sorption of Organic Compounds, 
W89-01325 5D 


SELVAKUMAR, G. A. 
Binding Characteristics of Hazardous Organic 
Substances to Clay Soils, 
W89-02081 5B 


PA-32 


AUTHOR INDEX 


SELWYN, B. J. 
Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 
W89-01525 os 


SEMMENS, M. J. 
GM-IX Process: A Novel Metal Cyanide Treat- 
ment and Recovery Technique, 
W89-02093 5D 


SEN, Z. 
Dimensionless Time-Drawdown Plots of Late 
Aquifer Test Data, 
W89-01407 2F 


SENARATH, D. C. H. 
Estimation of Recharge of Sand Aquifer of the 
Island of Mannar, Sri Lanka, 
W89-02250 2F 


SENGUPTA, A. K. 
Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


SERFES, M. E. 
Interpretation of Tidally Affected Ground- 
Water Flow Systems in Pollution Studies, 
W89-01535 5B 


SETHUNATHAN, N. 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


SHAFFER, R. 
Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


SHANAHAN, P. 
Mixing and Transport, 
W89-01496 5B 


SHANNON, L. J. 
Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 
W89-01790 SA 


SHANNON, R. D. 
Detection and Occurrence of Waterborne Bacte- 
rial and Viral Pathogens, : 
W89-01508 5A 


SHARMA, M. L. 
Recharge Estimation from the Depth-Distribu- 
tion of Environmental Chloride in the Unsatu- 
rated Zone: Western Australian Examples, 
W89-02233 2F 


SHARMA, R. M. 
Effect of Endosulfan on Adenosine Triphospha- 
tase (ATPase) Activity in Liver, Kidney, and 
Muscles of Channa gachua, 
W89-01388 sc 


SHARM<A, S. K. 
Natural Ground Water Estimation Methodolo- 
gies in India, 
W89-02241 2F 


SHARMILA, M. 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


SHARP, D. B. 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 SA 


SHEARD, J. W. 
Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 


SHEEHAN, P. J. 
Evaluation of Simple Generic Aquatic Ecosys- 
tem Tests to Screen the Ecological Impacts of 
Pesticides, 
W89-01791 5C 


SHERMAN, C. R. 
Fluid Sealed Class I Injection Wells, 
W89-01573 


SHERRARD, J. H. 
Activated Sludge, 
W89-01470 


SHETTY, P. 
In-stream Nitrification Rate Prediction, 
W89-01450 5B 


SHI, W. R. 
Syngenetic Origin of Gypsum Crystals Bearing 
Bacterial Calcite Neoformation, Discovered 
within Suspended Matter in the Loire River 
Estuary, 
W89-01512 2L 


SHIARIS, M. P. 
Public Health Implications of Sewage Applica- 
tions on Wetlands: Microbiological Aspects, 
W89-01843 5c 


SHIN, H. S. 
Treatment of Cr(VI) Containing Wastewater by 
Addition of Powdered Activated Carbon to the 
Activated Sludge Process, 
W89-02019 5D 


SHIRVELL, C. S. 
Critique of the Instream Flow Incremental 
Methodology and Observations on Flow Deter- 
mination in New Zealand, 
W89-01738 7c 


SHOOTER, D. 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


SIEGEL, D. I. 
Recharge-Discharge Function of Wetlands near 
Juneau, Alaska: Part II. Geochemical Investiga- 
tions, 
W89-01403 2A 


SIINO, F. J. 
Chemical Enhancement and Depression of 
Oxygen Transfer in Industrial Wastewaters, 
W89-02059 5D 


SILVERSTEIN, J. A. 
Activated Sludge, 
W89-01470 5D 


SIMEK, K. 
Bacterial Activity in a Reservoir Determined by 
Autoradiography and its Relationships to Phyto- 
and Zooplankton, 
W89-01277 2H 


SIMPSON, K. J. 
Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 SE 


SIMS, J. L. 
Human Health Effects Assays, 
W89-01506 


SIMS, R. C. 
Human Health Effects Assays, 
W89-01506 SA 


SINGH, S. P. 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 





SINGH, Y. P. 
Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 
W89-02236 2F 


SINGLEY, M. E. 
Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 


SINHA, B. P. C. 
Natural Ground Water Estimation Methodolo- 
gies in India, 
W89-02241 2F 


SIRONS, G. J. 
Phenoxyalkyl Acid Herbicides (CPHs), 
W89-01976 5A 


SITARI, T. 

Effects of the Development of Rural Water 
Supply on the Geographic Rhythm of the Vil- 
lagers and Agriculture in the Mtwara Region of 
Tanzania (Maaseudun Vesihuollon Paranemisen 
Vaikutus Kylalaisten Maantieleelliseen Rytmiin 
Ja Maanviljelyyn Mtwaran Laanin Alueella 
Tansaniassa), 

W89-01312 3D 


SKENE, E. T. 
Implementation and Enforcement of an Industri- 
al Waste Pretreatment Program in Orlando, 
Florida, 
W89-02008 5D 


SKINNER, A. C. 
Practical Experience of Borehole Performance 
Evaluation, 
W89-01356 5F 


SKINNER, Q. D. 
Assessment of Flushing Flow Recommendations 


in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


SKLADANY, G. J. 
Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


SKOGERBOE, J. G. 
Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


SKOV, K. 
Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 
W89-02262 5D 


SLATER, P. M. 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


SLATTERY, G. H. 
Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 5D 


SLIM, J. A. 
Practical Application of Various Techniques to 
Control Sludge Bulking, 
W89-01354 5D 


SLOOFF, W. 
Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


SMITH, A. E. 
Phenoxyalky! Acid Herbicides (CPHs), 
W89-01976 


Substituted Urea Herbicides, 
W89-01979 


AUTHOR INDEX 


Triazine Herbicides, 
W89-01980 5A 


SMITH, C. D. 
Head Recovery at Submerged Abrupt Conduit 
Outlets, 
W89-01340 8B 


SMITH, D. A. 
Federal and State Assistance for Action, 
W89-02221 6E 


SMITH, H. A. 
Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 
W89-01756 2H 


SMITH, J. A. 
Earthquakes, Injection Wells, and the Perry Nu- 
clear Power Plant, Cleveland, Ohio, 
W89-01335 8E 


Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


SMITH, J. E. 
Characteristics of Residues from Thermally 
Treated Anaerobic Sludges, 
W89-02068 5D 


SMITH, J. M. 
Supercritical Deep Well Wet Oxidation of 
Liquid Organic Wastes, 
W89-01596 5D 


SMITH, L. 
Role of Mass Transport Modeling, 
W89-01662 


SMITH, M. B. 
Rehab for Filtration, 
W89-01348 5F 


SMITH, M. S. 
Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 
W89-02206 5G 


SNODGRASS, W. J. 
Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


SOBKOWICZ, A. M. 
High-Rate Anaerobic Waste Treatment - How 
High, 
W89-02075 5D 


SOBSEY, M. D. 
Methods for Recovering Viruses from Shellfish, 
Seawater, and Sediments, 
W89-02116 5A 


SOGAARD, H. 
Evaluation of Direct Microscopical Counts and 
Endotoxin Measurements as Alternatives for 
Total Plate Counts, 
W89-01458 5A 


SOINTIO, J. E. 
Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 
W89-02071 5D 


SOLOMON, K. R. 
Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 SC 


SOLOMON, M. 
Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 
W89-02049 8F 


SONDEREGGER, J. L. 
Irrigation Related Arsenic Contamination of a 
Thin, Alluvial Aquifer, Madison River Valley, 
Montana, U.S.A. 
W89-01316 5B 


STADTFELD, O. R. 


SONKSEN, M. K. 
Cooperative Effort to Remediate a Historical 
PCB Disposal Site, 
W89-02010 5G 


SORBER, C. A. 
Recovering Viruses from Aerosols, 
W89-02114 SA 


SORMAN, A. U. 
Estimation of Natural Groundwater Recharge 
Under Saudi Arabian Arid Climatic Conditions, 
W89-02231 2F 


SORNMANTL, S. 
Disease Hazards of Irrigation Schemes, 
W89-01379 6G 


SPANGLER, G. R. 
Perspectives on the Influence of Toxic Sub- 
stances on Fishery Productivity, 
W89-02147 5C 


SPEAKER, R. W. 
Use of Plastic Strips to Measure Leaf Retention 
by Riparian Vegetation in a Coastal Oregon 
Stream, 
W89-01332 7B 


SPEECE, R. E. 
Toxicity Assays and Molecular Structure Toxic- 
ity, 
W89-02270 5D 


SPENCER, W. F. 
Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


SPLINTER, R. C. 
Biological Degradation of Complex Iron Cyan- 
ides in Natural Aquatic Systems, 
W89-01961 5B 


SPOERLI, P. A. 
Transboundary Management of Lake Geneva, 
W89-02180 6E 


SPOON, D. M. 
Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


SPOONER, J. 
Nonpoint Sources, 
W89-01495 5G 


SPRAGUE, J. B. 
Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 
W89-01794 5C 


SPURRIER, J. D. 
Estimating the Net Flux of Nutrients Between a 
Salt Marsh and a Tidal Creek, 
W89-01423 2L 


SRIDHAR, P. 
Algae Flocculation in Reservoir Water, 
W89-01285 5G 


SRIVASTAVA, V. J. 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


STACK, V. 
Nutrient Removal Biological Oxidation of Am- 
monia Nitrogen, 
W89-01286 5D 


STADTFELD, O. R. 
International Comparison of Water Prices, 
W89-01427 6C 


PA-33 





STAHL, R. G. 


STAHL, R. G. 
Influence of Age on Patterns of Uptake and 
Excretion of Polycyclic Aromatic Hydrocar- 
bons in the Rainbow Trout Embryo, 
W89-01915 5B 


STANCZYK, T. F. 
Development of Treatment Alternatives 
Through an Understanding of Waste Chemistry, 
W89-02036 5D 


Effects of Commercial Landfill Bans on Waste 
Minimization Strategies and Treatment Perform- 
ance Standards, 

W89-01341 5E 


STANFORD, J. A. 
Ecology of Regulated Streams: Past Accom- 
plishments and Directions for Future Research, 
W89-01764 


STANLEY, C. C. 
Fate and Transport of Residual Hydrocarbon in 
Groundwater: A Case Study, 
W89-01543 5B 


STANLEY, R. A. 
Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 


Strategies for Aquatic Vegetation Management, 
W89-02001 4A 


Technical Review of Factors Affecting Diquat 
for Aquatic Use, 
W89-01998 4A 


STAPLES, C. A. 
Model for Predicting the Influence of Suspended 
Sediments on the Bioavailability of Neutral Or- 
ganic Chemicals in the Water Compartment, 
W89-01956 


STARRS, C. J. 
Perceptions, Paradigms and Ethics: A Perspec- 
tive on the Social Context of Environmental 
Issues, 
W89-01728 6G 


STEARNS, F. 
Ecological Perspectives on Wetland Systems, 
W89-01832 2H 


STEBOR, T. W. 
Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
W89-02069 5D 


STEELE, C. P. 
Waste Oil Recovery, 
W89-02051 


STEEVES, A. L. 
Anaerobic Treatment of Dairy Wastewater, 
W89-02073 


STEPHAN, C. E. 
Are the ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses’ Based on Sound 
Judgments, 
W89-01962 5G 


Proposed Goal of Applied Aquatic Toxicology, 
W89-01893 5c 


STEPHENSON, G. L. 
Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


STEPHENSON, T. 


Sources of Heavy Metais in Wastewater, 
W89-02099 


PA-34 


AUTHOR INDEX 


Water Treatment and Reuse, 
W89-02108 5F 


STERRITT, R. M. 
Determination of Heavy Metals in Wastewater 
Matrices, 
W89-02101 5A 


Physical and Electrochemical Speciation, 
W89-02103 SA 


STEVENSON, R. J. 
Sampling and Interpretation of Algal Patterns 
for Water Quality Assessments, 
W89-01608 7C 


STEWART, G. W. 
Leading Question: 
Thought, 
W89-01729 6A 


STEWART, R. E. 
Local (Small-scale) Hydroelectric Resources, 
W89-01873 6A 


STICKSEL, P. R. 
Assessment of Exposure Models for Bioengin- 
eered Microorganisms, 
W89-01907 5C 


STOKES, P. M. 
Evaluation of Filamentous Algae as Biomonitors 
of Metal Accumulation in Softwater Lakes: A 
Multivariate Approach, 
W89-01931 5A 


STOKMAN, S. K. 
Estimates of Concentrations of Soluble Petrole- 
um Hydrocarbons Migrating into Ground Water 
from Contaminated Soil Sources, 
W89-01562 5B 


STOVER, E. L. 
Anaerobic Pilot Plant Studies for Dairy Plant 
Wastewaters, 
W89-02072 5D 


In Situ Structures of 


Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


STOW, S. H. 
Subsurface Disposal of Liquid Low-Level Ra- 
dioactive Wastes at Oak Ridge, Tennessee, 
W89-01593 SE 


STOWELL, R. 
Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


STRACHAN, W. M. J. 
Environmental Impact and Significance of Pesti- 
cides, 
W89-01969 SC 


Research Needs in Support of the Assessment 
Process, 
W89-02136 SA 


STREET, R. L. 
Turbulence Modeling of Surface Water 
and Transport: Part I, 
W89-01412 


Turbulence Modeling of Surface Water 
and Transport: Part II, 
W89-01413 


Turbulence Modeling of Surface Water 
and Transport: Part III, 
W89-01414 


Turbulence Modeling of Surface Water 
and Transport: Part IV, 
W89-01415 


Turbulence Modeling of Surface Water 
and Transport: Part V, 
W89-01416 


STRICKMAN, D. 
New Aquatic Bioassay Technique Using Wyeo- 
myia smithii, the Pitcher-Plant Mosquito, 
W89-01937 5A 


STRONG, M. 
Is There a Role for Liquid Ion Exchange in the 
Recovery of Chromium from Plating 
Wastewater, 
W89-02085 5D 


STUART, J. D. 
Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 
W89-01548 5A 


SUBRAMONIAN, S. 
Characterization, Development and Use of New 
Breed of Anion-Exchange Resins for Selective 
Removal of Cr(VI) and Other Toxic Anions, 
W89-02084 5D 


SULLIVAN, E. C. 

Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 5D 


SULLIVAN, P. J. 
Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


SULLIVAN, P. S. 
Illness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 
W89-01525 3x 


SUN, P. T. 
Anomalies in Oil and Grease Analyses of Petro- 
leum Wastewaters and Their Implications, 
W89-02023 5A 


SURPRENANT, D. C. 
Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 5A 


SUTER, G. W. 
Extrapolating from the Laboratory to the Field: 
How Uncertain Are You, 
W89-01955 5C 


Population and Ecosystem Theory in Ecological 
Risk Assessment, 
W89-01899 5C 


SUTHERLAND, J.C. 
Wetland-Wastewater Economics, 
W89-01854 5D 


SWAIN, W. R. 
Lake-Wide Impacts of Long-Term Sources of 
Xenobiotic Contaminants: Lake Managua (Nica- 
ragua) and Lake Michigan (United States), 
W89-02175 sc 


SWANK, W. T. 
Acid Precipitation Effects on Forest Processes, 
W89-01710 sc 


Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


Introduction and Site Description, 
W89-01692 2A 


Stream Chemistry Responses to Disturbance, 
W89-01709 





Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4c 


SWARTZ, R. C. 
Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


SWIFT, L. W. 
Climatology and Hydrology, 
W89-01694 2A 


Forest Access Roads: Design, Maintenance, and 
Soil Loss, 
W89-01707 4C 


Streamflow Changes Associated with Forest 
Cutting, Species Conversions, and Natural Dis- 
turbances, 

W89-01706 4C 


SYED, T. 
Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


TADOKORO, H. 
Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 
W89-02129 SA 


TAGATZ, M. E. 
Some Methods for Measuring Effects of Toxi- 
cants on Laboratory- and Field-Colonized Estu- 
arine Benthic Communities, 
W89-01785 5C 


TAJIEV, S. 
Seasonal Variations of Phytoplankton in a Series 
of Waste Treatment Lagoons (Chimkent, Cen- 
tral Asia): I. Artificial Inoculation and Role of 
Algae in Sewage Purification, 
W89-01275 5D 


TAKAYAMA, K. 
Study on Polychlorinated Dibenzo-p-Dioxins 
and Dibenzofurans in Rivers and Estuaries in 
Osaka Bay in Japan. 
W89-01440 5B 


TAMAKI, A. 
Current Studies on Species Interactions and 
Community Ecology of Macrobenthos in Interti- 
dal Flats: A Review, (in Japanese), 
W89-01381 2L 


TAMBURI, A. 
Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


TANABE, S. 
PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


TANADA, S. 
Variation in Properties of Sewage Sludge, 
W89-01302 


TANNER, H. A. 
Restocking of Great Lakes Fishes and Reduc- 
tion of Environmental Contaminants 1960-1980, 
W89-02148 8I 


TARAK, P. 
Industrial Siting in a Developing Country the 
Case of Argentina - Its Context - the Environ- 
mental Dimension, Hazardous Waste and Large 


6G 


Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


AUTHOR INDEX 


TATE, C. M. 
Hydrologic Influences on Leaf Decomposition 
in a Channel and Adjacent Bank of a Gallery 
Forest Stream, 
W89-01331 2H 


Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


TATEYA, S. 
PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


TATSUKAWA, R. 
PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


TATUO, K. 
Historic Role of a Large Lake in Japan - The 
Case of Lake Biwa, 
W89-02178 6G 


TAUB, F. B. 
Effects of Small Fish Predation on Microcosm 
Community Bioassay, 
W89-01938 5A 


Preliminary Results of Interlaboratory Testing 
of a Standardized Aquatic Microcosm, 
W89-01788 5A 


TAYEH, A. 
Guinea Worm and Water Supply in Kordofan, 
Sudan, 
W89-01351 5F 


TAYLOR, M. J. 
Effect of Diet on the Sensitivity of Daphnia 
magna to Linear Alkylbenzene Sulfonate, 
W89-01934 SA 


Structural and Functional Response of Natural 
Phytoplankton and Periphyton Communities to 
a Cationic Surfactant with Considerations on 
Environmental Fate, 

W89-01796 5C 


TCHOBANOGLOUS, G. 
Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


TEAGUE, K. G, 
Sediment-Water Oxygen and Nutrient Fluxes in 
a River-Dominated Estuary, 
W89-01422 2L 


TEAL, J. M. 
Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 sxc 


TEDDER, S. W. 
Strategy for Whole Effluent Toxicity Evalua- 
tions in North Carolina, 
W89-01904 5C 


TEETER, A. M. 
Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 
W89-01825 2L 


TEIRNEY, L. D. 
Fish and Fisheries, 
W89-01890 8I 


TENT, L. 
Contaminated Sediments in the Elbe Estuary: 
Ecological and Economic Problems for the Port 
of Hamburg, 
W89-01731 5C 


TENU, A. 
Tracer Investigations in Geothermal Systems, 
W89-01989 2F 


THORNHILL, J. T. 


TESSIER, A. 
Partitioning of Trace Metals in Sediments: Rela- 
tionships with Bioavailability, 
W89-01718 5B 


THIEM, L. T. 
Removal of Selected Priority Pollutants Using a 
Pilot-Scale Modified Activated Sludge Process, 
'W89-02062 5D 


THIERY, D. 
Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 
W89-02254 2F 


THIRUMURTHIL, D. 
Physical-Chemical and Anaerobic Fixed Film 
Treatment of Landfill Leachate, 
W89-02276 5D 


THOMAS, B. 
Cementing to Achieve Zone Isolation, 
W89-01568 


THOMAS, D. L. 
Waste Reduction in Illinois: An Overview, 
W89-02037 5G 


THOMAS, G. L. 
Conceptual Framework to Guide Aquatic Moni- 
toring Program Design for Thermal Electric 
Power Plants, 
W89-01606 1A 


THOMAS, J. A. 
Petroleum Processing and Synthetic Fuels, 
W89-01489 5D 


THOMAS, J. M. 
Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


THOMAS, R. L. 
Contaminants in Lake Ontario - A Case Study, 
'W89-02174 5B 


Protocol for the Selection of Process-Oriented 
Remedial Options to Control In Situ Sediment 
Contaminants, 

W89-01735 5G 


THOMAS, W. A. 
Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 
W89-01814 2 


THOMAS, W. M. 
Groundwater Quality Beneath the City of 
London: Overview and Long-Term Changes, 
W89-01353 5B 


THOMPSON, G. 
Soil Vapor Monitoring as a Cost-Effective 
Method of Assessing Ground Water Degrada- 
tion from Volatile Chlorinated Hydrocarbons in 
an Alluvial Environment, 
W89-01675 5A 


THOMPSON, W. T. 
Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 
W89-02087 5D 


THOMSON, B. M. 
Radioactive Wastes, 
W89-01493 

THORNHILL, J. T. 


Mechanical Integrity Research, 
W89-01575 





THORNTON, S. A. 


THORNTON, S. A. 
Iliness and Reservoirs Associated with Giardia 
lamblia Infection in Rural Egypt: The Case 
Against Treatment in Developing World Envi- 
ronments of High Endemicity, 
W89-01525 5C 


TIMMS, B. V. 
Study of Benthic Communities in Some Saline 
Lakes in Saskatchewan and Alberta, Canada, 
W89-01280 2H 


TITTLEBAUM, M. E. 
Solid and Hazardous Wastes and Water Quality, 
W89-01494 5G 


TODD, R. L. 
Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4c 


TOEWS, D. R. 
Fishery Transformation on Lake Manzala, 
Egypt During the Period 1920 to 1980, 
W89-02139 8I 


TOMSON, M. B. 
Sorption and Migration of Organic Contami- 
nants in Soil Column, 
W89-01554 5B 


TORO, A. 
Enhanced Treatment of High Strength Soft 
Drink Bottling Wastewaters, 
W89-02066 5D 


TORREBLANCA, A. 
Determination of Lead in Treated Crayfish Pro- 
cambarus clarkii: Accumulation in Different Tis- 
sues, 
W89-01399 5B 


TOWN, J.C. 
Water Rights at the National and Regional 
Level, 
W89-01876 6E 


TOWNZEN, K. R. 
Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


TOZER, H. G. 
Solids Settling Variability in Activated Sludge 
Secondary Clarifiers: Effect on Operation and 
Capacity, 
W89-02061 5D 


TRACY, K. D. 
Biological Nutrient Control by the A/O Proc- 


ess, 
W89-01287 5D 


TRANTER, M. 
Loss of Halide and Sulphate Ions from Melting 
Ice, 
W89-01447 5B 


TRIMMELL, M. L. 
Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 
W89-01545 TA 


TROENDLE, C. A. 
Streamflow Generation by 
Area, 

W89-01699 2E 


Variable Source 


TSAI, K. L. 
Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


TUCKER, M. E. 
Precipitation Treatment of Spent Electroless 
Nickel Plating Baths, 
W89-02088 5D 


PA-36 


AUTHOR INDEX 


TUCKWELL, S. B. 
Controlling Nitrate Leaching in Water Supply 
Catchments, 
W89-01349 5G 


TUNG, Y.-K. 
Assessing the Risk of Violating Stream Water 
Quality Standards, 
W89-01373 5G 


TURNER, C. A. 
Factors Affecting 
magna, 

W89-01919 SA 


TUTHILL, S. J. 
Manufactured Gas Waste Disposal Investiga- 
tions. Two Case Studies in Iowa, 
W89-02011 5B 


TYAGI, U.N. 
Sludge Treatment, Utilization, and Disposal, 
W89-01474 


the Culture of Daphnia 


UBAN, S. 
Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


UCHRIN, C. G. 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 sc 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


UHLER, F. M. 
Food Habits and Distribution of Wintering Can- 
vasbacks, Aythya valisineria, on Chesapeake 
Bay, 
W89-01426 2L 


ULANOWICZ, R. E. 
Phenomenological Perspective of Ecological 
Development, 
W89-01898 5C 


UMA, K. O. 
Groundwater Recharge from Three Cheap and 
Independent Methods in the Small Watersheds 
of the Rain Forest Belt of Nigeria, 
W89-02251 2F 


UNTERMAN, R. 
Biological Degradation of Polychlorinated Bi- 
phenyls, 
W89-02286 5G 


UPPOT, J. O. 
Permeability of Clay to Acidic and Caustic Per- 
meants, 
W89-01621 5B 


UPRETI, N. 
Effect of Non-Removal of the Macrophytic Bio- 
mass on the Characteristics of Water and Plant 
Community in Lake Naini Tal, U.P., India, 
W89-01270 2H 


UZODINMA, J. E. 
In vitro Effect of Mercury and Cadmium on 
Brain Ca(+ +)-ATPase of the Catfish Ictalurus 
punctatus, 
W89-01389 5C 


VALENTINE, G. E. 
Agricultural Wastes, 
W89-01486 5D 


Feasibility of Packed-Bed Anaerobic Treatment 
of Poultry Processing Wastewater, 
W89-02070 5D 


VALENTINE, R. L. 
Biotransformation, 
W89-01868 


Nonbiological Transformation, 
W89-01869 5B 


Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 
W89-01861 5B 


VALIELA, I. 
Some Long-Term Consequences of Sewage 
Contamination in Salt Marsh Ecosystems, 
W89-01847 5C 


VAN DE GRIEND, A. A. 
Satellite Remote Sensing and Energy Balance 
Modelling for Water Balance Assessment in 
(Semi-) Arid Regions, 
W89-02229 7B 


VAN DER HOEK, J. P. 
Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 
W89-01445 5F 


VAN DER SCHALIE, W. H. 
Can Biological Monitoring Early Warning Sys- 
tems be Useful in Detecting Toxic Materials in 
Water, 
W89-01901 5A 


VAN DER SOMMEN, J. J. 
Continuity of Aquifer Systems on the Crystalline 
Basement of Burkina Faso, 
W89-02226 2F 


VAN DER VEN, P. J. M. 
Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 
W89-01445 5F 


VAN DER ZEL, D. W. 
Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


VAN DOREN, E. P. 
Electro-Osmotic Removal of Benzene From a 
Water Saturated Clay, 
W89-01538 5G 


VAN EE, J. J. 
Remote Sensing Methods for Waste Site Subsur- 
face Investigations and Monitoring, 
W89-01648 7B 


VAN KREIJL, C. F. 
Bioconcentration, Detoxification, and Excretion 
of Mutagenic River Pollutants in Fish Bile, 
W89-01913 5B 


VAN LANGENHOVE, G. 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


VAN MALTBY, C. 
Results of an Interlaboratory Study of a Column 
Method for Leaching Solid Wastes, 
W89-01657 5B 


VANDERMEULEN, J. 
Environmental Impacts of Large Scale Hog Pro- 
duction Facilities, 
W89-02204 5G 


VANT, W.N. 
Prediction of Phytoplankton Abundance and its 
Effect on Water Quality, 
W89-01886 2H 


VARANASI, U. 
Sediment-Associated Contaminants and Liver 
Diseases in Bottom-Dwelling Fish, 
W89-01720 5C 





VARGO, J. J. 
Abatement of Nitrate Pollution in Groundwater 
and Surface Runoff from Cropland Using 
Legume Cover Crops with No-Till Corn, 
W89-02206 5G 


VARUNTANYA, C, P. 
Use of Pure Cultures as a Means of Understand- 
ing the Performance of Mixed Cultures in Biode- 
gradation of Phenolics, 
W89-02282 5D 


VAUGHAN, G, M. 
Determination of Formate in Natural Waters by 
a Coupled Enzymatic/High-Performance Liquid 
Chromatographic Technique, 
W89-01421 2H 


VELBEL, M. A. 
Weathering and Soil-Forming Processes, 
W89-01697 2J 


VENKATESWARAN, K. 
Influence of Indicator Bacteria on the Incidence 
of Salmonella in Aquatic Environment, 
W89-01510 5A 


VENOSA, A. D. 
Disinfection, 
W89-01476 5D 


VERGOT, P. 
Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


VERRIOPOULOS, G. 
Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 
W89-01394 5C 


VERRUNJT, A. 
Modeling Groundwater Flow and Pollution: 


With Computer Programs for Sample Cases, 
W89-01810 2F 


VESPERMAN, K. D. 
Permeability of Fly Ash and Fly Ash-Sand Mix- 


tures, 
W89-01632 5G 


VICENTE, M. 
Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 
W89-01443 5D 


VINCENT, C. L. 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 
W89-01274 2H 


VINCENT, W. F, 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 
W89-01274 2H 


VIRARAGHAVAN, T. 
Use of Peat in the Treatment of Oil-in-Water 
Emulsions, 
W89-02052 5D 


VIRTANEN, M. 
Effects of Short-Term Regulation by Power 
Plants on Erosion and Water Quality of a River, 
W89-01755 6G 


VISOCKY, A. P. 
Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 SE 


Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 5E 


VISSER, S. A. 
Study of the Interactions Between Atrazine, 
Diazinon and Lindane With Humic Acids of 
Various Molecular Weights, 
W89-01330 5B 


AUTHOR INDEX 


VIVIANI, R. 
Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 
W89-01307 5C 


VOGEL, T. M. 
Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 5B 


VOGT, C. 
Drinking Water Standards: Their Derivation 
and Meaning, 
W89-02210 5G 


VOICE, A. J. 
Environmental Impact Assessment, 
W89-01874 


VON DER MARK, D. 
Dioxin: Treatment with Ozone, 
W89-02056 5D 


VON HOYER, M. 
Groundwater Recharge Studies in Semi-Arid 
Botswana: A Review, 
W89-02244 2F 


VON MOLTKE, K, 
Introducing Scientific Analysis to Public Policy 
- An International Perspective, 
W89-02187 6E 


VONK, J. W. 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 5A 


VOYTEK, J. 
Design and Construction of Water Wells: A 
Guide for Engineers, 
W89-02256 8A 


VREEDENBURGH, E, G. H. 
International Rivers Rhine and Meuse: Recent 
Developments in the Field of the Protection 
Against Pollution and of Drinking Water Pro- 
duction in the Netherlands Including the Prob- 
lems of Storage and Eutrophication, 
W89-01429 SF 


WAGNER, J. F. 
Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


WAI, C. M. 
Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


* WAIDE, J. B. 


Changes in Soil Nitrogen Pools and Transforma- 
tions Following Forest Clearcutting, 
W89-01701 4c 


Characterization of Baseline Precipitation and 
Stream Chemistry and Nutrient Budgets for 
Control Watersheds, 

W89-01695 2K 


Forest Ecosystem Stability: Revision of the Re- 
sistance-Resilience Model in Relation to Observ- 
able Macroscopic Properties of Ecosystems, 
W89-01712 


WAKEFIELD, R. W. 
Practical Application of Various Techniques to 
Control Sludge Bulking, 
W89-01354 5D 


WALBRIDGE, C, T. 
Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 
W89-01790 5A 


WARITH, M. A. 


WALBRIDGE, S. 
Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


WALKER, B. H. 
Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


WALKER, D. 
Toxicity Studies of Combined Metal Finishing/ 
Municipal Wastewaters, 
W89-02090 5D 


WALKER, J. D. 
Effects of Chemicals on Microorganisms, 
W89-01507 SC 


WALLA, M. D. 
Toxaphene: Usage, Aerial Transport and Depo- 
sition, 
W89-02133 5B 


WALLACE, A. T. 
Field Evaluation of Vacuum Assisted Sludge 
Dewatering Bed Systems, 
W89-02050 5D 


WALLACE, J. B. 
Aquatic Invertebrate Research, 
W89-01703 


WALSKI, T. M. 
Analysis of Water Distribution Systems, 
W89-02259 5F 


WALTER, B. 
Remediation of Ground-Water Contamination 
Resulting from the Failure of a Class I Injection 
Well: A Case History, 
W89-01581 5G 


WALTERS, R. W. 
Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


WANG, J. D. 
Finite Element Characteristic Advection Model, 
W89-01418 5B 


WANG, L. K. 
Development of Low-Cost Flotation Technolo- 
gy and Systems for Wastewater Treatment, 
W89-02026 5D 


WANG, M. L. 
Immobilized Mixed Microbial 
Wastewater Treatment, 
W89-02065 5D 


Cells for 


WANG, W. 
Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 5G 


WARD, J. V. 
Ecology of Regulated Streams: Past Accom- 
plishments and Directions for Future Research, 
W89-01764 6G 


Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 
W89-01763 6G 


WARITH, M. A. 
Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 





WARNER, D. L. 


WARNER, D. L. 
Application of Flow, Mass Transport, and 
Chemical Reaction Modeling to Subsurface 
Liquid Injection, 
W89-01585 5E 


Evaluation of Confining Layers for Containment 
of Injected Wastewater, 
W89-01584 2F 


WARWICK, J. J. 
In-stream Nitrification Rate Prediction, 
W89-01450 5B 


WATKIN, A. T. 
Technique to Determine Inhibition in the Acti- 
vated Sludge Process Using a Fed-Batch Reac- 
tor, 
W89-02279 5D 


WATSON, B. D. 
Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 8I 


WATTS, R. J. 
Organics, 
W89-01465 5A 


WEAVER, D. E. 
Hohokam Settlement Along the Slopes of the 
Picacho Mountains. Volume 5: Environment 
and Subsistence, 
W89-01803 6G 


WEBER, A. S. 
Activated Sludge, 
W89-01470 5D 


Constraints of Bioaugmentation in Enhancing 
Biological Treatment Process Performance, 
W89-02033 5D 


Effects of Extended Idle Periods on Hazardous 
Waste Biotreatment, 
W89-02278 5D 


Toxicity Evaluation of Persistent Organic Con- 
taminants, 
W89-02032 5D 


WEBER, C. I. 
Study of the Reliability of Daphnia Acute Tox- 
icity Tests, 
W89-01935 5A 


WEBER, S. 
Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


WEBSTER, J. R. 
Effects of Watershed Disturbance on Stream 
Seston Characteristics, 
W89-01705 4C 


WEBSTER, R. E. 
Habitat Conservation Plans under the Endan- 
gered Species Act, 
W89-01516 6E 


WEDDIG, L. J. 
Legal and Public Information Change Needed, 
W89-02152 5G 


WENNER, E. L. 
Macrobenthic Communities from Wetland Im- 
poundments and Adjacent Open Marsh Habitats 
in South Carolina, 
W89-01425 2L 


WERNER, A. F. 
Aquatic Hazard Evaluation Principles Applied 
to the Development of Water Quality Criteria, 
W89-01964 5G 


WESCHE, T. A. 
Assessment of Flushing Flow Recommendations 


in a Steep, Rough, Regulated Tributary, 
W89-01740 2E 


PA-38 


AUTHOR INDEX 


WEST, J. D. 
Waste Oil Recovery, 
W89-02051 5D 


WEXLER, A. 
Impedance Computed Tomography Algorithm 
and System for Ground Water and Hazardous 
Waste Imaging, 
W89-01678 2F 


WEXLER, R. L. 
Simple Analytical 
Short-Term Rainfall, 
W89-02261 2B 


Methods for Estimating 


WHALLEY, W. B. 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 2J 


WHEELER, D. 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


WHEELER, M. F. 
Numerical Modeling of Subsurface Contaminant 
Transport with Biodegradation Kinetics, 
W89-01558 5B 


WHIGHAM, D. F. 
Vegetation in Wetlands Receiving Sewage Ef- 
fluent: The Importance of the Seed Bank, 
W89-01842 5D 


WHITE, J. O. 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


WHITE, R. E. 
Effect of Prolonged Exposure to Acetylene on 
Denitrification in a Laboratory Stream Sediment 
System, 
W89-01446 7B 


WHITEHEAD, N. E. 
Low Levels of Copper and Lead in a Highly 
Industrialized River, 
W89-01442 7B 


WHITESIDE, R. F. 
Mechanical Integrity of Class 1 Injection Wells, 
W89-01567 5E 


WHITFIELD, M. 
Recommendations for the Determination of pH 
in Sea Water and Estuarine Waters, 
W89-01295 7B 


WHITTLE, D. M. 
Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


WILCOX, H. K. 
Underground Storage Systems: Leak Detection 
and Monitoring, 
W89-01765 5A 


WILE, I. 
Design and Use of Artificial Wetlands, 
W89-01829 2H 


WILFORD, W. A. 
Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 
ganisms, 
W89-01724 SA 


WILKES, D. R. 
Study and Implementation of Waste Minimiza- 
tion at IBM Austin, 
W89-02038 SE 


WILLEMINK, J. 
Estimating Natural Recharge of Ground Water 
by Moisture Accounting and Convolution, 
W89-02240 2F 


WILLIAMS, D. J. 
Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


WILLIAMS, L. R. 
Validation of Collaborative Testing Guidelines, 
W89-01917 SA 


WILLIAMS, S. E. 
Persistence of Biologically Active Compounds 
in Soil, 
W89-01778 5B 
WILSON, B. A. 
Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


WILSON, W. G. 
Biodegradation of Organic Compounds in 
Anoxic Groundwater Systems, 
W89-02027 5G 


WILSON, W. J. 
Instream Temperature Modeling and Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 
W89-01748 6G 


WINDOLTF, J. 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


WINER, A. M. 
Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 2F 


WINSOR, E. W. 
Community Involvement: The Catalytic Factor 
in Waste Management, 
W89-02041 6E 


WINTERBOURN, M. J. 
Invertebrates, 
W89-01889 6G 


WISARD, A. 
Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de I’Allondon Genevoise), 
W89-01314 5C 


WISE, D. W. 
Economic View of the Great Lakes, 
W89-02177 6A 


WITKOWSKI, P. J. 
Partition of Nonionic Organic Compounds in 
Aquatic Systems, 
W89-01387 5B 


WITMER, K. 
Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


WITT, M. D. 
Use of Chronic Bioassays for Pulp and Paper 
Mill Effluents in Wisconsin, 
W89-02031 5A 


WIXSON, B. G. 
Industrial Wastes and Soil Lead Concentration 
as a Basis for Remedial or Other Action, 
W89-02083 6E 


WOJTANOWICZ, A. 

Biodegradation of Oilfield Production Pit 
Sludges, 

W89-02025 5D 





WOLFSON, L. G. 
Long-Range Planning and Priority Areas of 
Groundwater Management, 
W89-02222 6B 


WONG-CHONG, G. M. 
Treatment Plant Management, Operation and 
Maintenance, 
W89-01477 5D 


WONG, J. M. 
Wastewater Management in Semiconducting 


Electronic Crystal Manufacturing Facilities, 
W89-02091 


WONG, P. T. S. 
Effects of Contaminants on Algae: An Over- 
view, 
W89-02127 5C 


WOOD, J. M. 
Biological Processes Involved in the Cycling of 
Elements Between Soil or Sediments and the 
Aqueous Environment, 
W89-01717 5B 


WOODS, D. R. 
Design Criteria for the Removal of Organic 
Matter from Water with Aluminum, 
W89-01434 5F 


WRUBLE, D. T. 
Remote Sensing Methods for Waste Site Subsur- 


face Investigations and Monitoring, 
W89-01648 7B 


WU, H. 
Possible Effects of the Proposed Eastern Route 
Diversion of Changjiang (Yangtze) River Water 
to the Northern Provinces with Emphasis on the 
Hydrobiological Environment of the Main 
Water Bodies Along the Transfer Route, 
W89-01761 


WU, Y. C. 
Treatment of Leachate from a Hazardous Waste 
Landfill Site Using a Two-Stage Anaerobic 
Filter, 
W89-02277 5D 


WYATT, L. 
Nonpoint Sources, 
W89-01495 5G 


YAMAGATA, K. 
Cell Culture Systems Are More Sensitive than 
Saccharomyces cerevisiae Tests for Assessing 
the Toxicity of Aquatic Pollutants, 
W89-01297 SA 


YAMASAKI, K. 
Chemistry of the Cyclodiene Insecticides, 
W89-01972 5A 


YANG, P. Y. 
Immobilized Mixed Microbial 
Wastewater Treatment, 
W89-02065 5D 


Cells for 


YAPP, G. A. 
Water Erosion in the Dryland Cropping Regions 
of Australia. 4. Land and Land Use Data for a 
Relative Assessment of Potential Soil Movement 
in Victoria, 
W89-01804 2J 


YATES, S. F. AND 
Crossflow Microfiltration-Fouling Mechanisms 
Studies, 
W89-01437 SF 


YELTON, J. L. 
Iron Sulfide Oxidation and the Chemistry of 
Acid Generation, 
W89-01323 5B 


Solubility Relationships of Aluminum and Iron 
Minerals Associated with Acid Mine Drainage, 
W89-01322 5G 


YING, W. C. 
Precipitation Treatment of Spent Electroless 
Nickel Plating Baths, 
W89-02088 5D 


YONG, H. 
Anaerobic Treatment of Tannery Wastewater, 
'W89-02078 5D 


YONG, R. N. 
Interaction of Clay and Industrial Waste: A 
Summary Review, 
W89-01663 5B 


Migration of Leachate Solution Through Clay 
Liner and Substrate, 
W89-01646 5B 


YOUNG, K. S. 
Performance of World’s Largest Cyclical Acti- 
vated Sludge Process Treating Combined Mu- 
nicipal/Packing House Wastewater, 
W89-02054 


5D 


YOUNG, M. K. 
Study and Implementation of Waste Minimiza- 
tion at IBM Austin, 
W89-02038 SE 


YOUNT, J. D. 
Comparison of Mixed Flask Culture and Stand- 
ardized Laboratory Model Ecosystems for Tox- 
icity Testing, 
W89-01790 5A 


YOUSEFI, Z. 
Wastewater Treatment: Physical and Chemical 
Methods, 
W89-01469 5D 


ZABCIK, J. D. 
Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


ZARANSKI, M. T. 
Toxaphene: Usage, Aerial Transport and Depo- 
sition, 
W89-02133 5B 


ZITOMER, D. H. 


ZDEB, T. F. 
Multi Depth Soil Gas Analyses, 
W89-01550 SA 


ZEDLER, J. 


Wastewater Input to Coastal Wetlands: Manage- 
ment Concerns, 


W89-01835 5D 


ZHANG, J. 


Protection of the Plateau Lakes in Yunnan Prov- 
ince, 


W89-02194 5G 


ZHANG, X. 


Protection of the Plateau Lakes in Yunnan Prov- 
ince, 


W89-02194 5G 


ZHANG, Y. M. 
Lake Resources and Fisheries Utilization in 
Hubei Province, 
W89-02193 2H 


ZHAO, W. 
Impact of Lake Changshou on the Environment, 
W89-02195 6G 


ZHU, Z. 
Impact of Lake Changshou on the Environment, 
W89-02195 6G 


ZIEGENFUSS, P. S. 


Comparison of Laboratory and Field Methods 
for Testing the Toxicity of Chemicals Sorbed to 
Sediments, 

W89-01929 SA 


Methodology for Assessing the Acute Toxicity 
of Chemicals Sorbed to Sediments: Testing the 
Equilibrium Partitioning Theory, 

W89-01928 SA 

ZIMMERMANN, H. J. 

Responses of Epilithic Algae to Regulation of 
Rocky Mountain Streams, 

W89-01763 6G 


ZIRSCHKY, J. 
Fruit, Grain, and Vegetable Wastes, 
W89-01483 5D 


Land Application of Wastewater, 
'W89-01479 sD 


ZITOMER, D. H. 
Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene, 
W89-01290 5D 








AC BIOTECHNICS, INC., WEST WOODBURY, 
NY. 
Anaerobic Treatment of a Beef Processing Plant 
Wastewater: A Case History, 

W89-02071 5D 


ACADEMIA SINICA, LOCHIASCHAN 

(CHINA). INST. OF HYDROBIOLOGY. 
Possible Effects of the Proposed Eastern Route 
Diversion of Changjiang (Yangtze) River Water 
to the Northern Provinces with Emphasis on the 
Hydrobiological Environment of the Main 
Water Bodies Along the Transfer Route, 
W89-01761 


ACADEMY OF NATURAL SCIENCES OF 
PHILADELPHIA, AVONDALE, PA. STROUD 
WATER RESEARCH CENTER. 
Phosphorus Spiralling in Rivers and River-Res- 
ervoir Systems: Implications of a Model, 
W89-01757 2H 


ADI LTD., FREDERICTON (NEW 
BRUNSWICK). 
Anaerobic Treatment of Dairy Wastewater, 
W89-02073 5D 


AEROJET CORP., SACRAMENTO, CA. 
Integrated Plant for Treatment of Dilute Haz- 
ardous Waste, 

W89-02042 5D 


AGRICULTURAL COLL. OF ATHENS 
(GREECE). DEPT. OF APPLIED 
HYDROBIOLOGY. 

Sublethal Toxicity and Accumulation of Cadmi- 

um in Tilapia aurea, 

W89-01398 Ss 


AGRICULTURAL UNIV., WAGENINGEN 
(NETHERLANDS). DEPT. OF PHYSICS AND 
METEOROLOGY. 
Evaporation in Arid and Semi-Arid Regions, 
W89-02228 2D 


AGRICULTURAL UNIV., WAGENINGEN 
(NETHERLANDS). DEPT. OF WATER 
POLLUTION CONTROL. 
Combined Ion Exchange/Biological Denitrifica- 
tion for Nitrate Removal from Ground Water 
under Different Process Conditions, 
W89-01445 5F 


AGRICULTURE CANADA, REGINA 
(SASKATCHEWAN). RESEARCH STATION. 
Substituted Urea Herbicides, 
W89-01979 5A 


Triazine Herbicides, 
W89-01980 5A 


AIR FORCE OCCUPATIONAL AND 
ENVIRONMENTAL HEALTH LAB., BROOKS 
AFB, TX. 
New Aquatic Bioassay Technique Using Wyeo- 
myia smithii, the Pitcher-Plant Mosquito, 
W89-01937 5A 


AIR PRODUCTS AND CHEMICALS, INC., 
ALLENTOWN, PA. CHEMICALS DIV. 
Stabilization of a Thermally Sensitive Nitro- 
Compound Waste, 
W89-02014 5E 


AKADEMIYA NAUK URSR, KIEV. INST. 
HIDROBIOLOGII. 
Structure of Periphytic Communities in Cooling 
Pond of Nuclear Power Plant, 
W89-01273 2H 


ALABAMA UNIV. IN BIRMINGHAM. 
SCHOOL OF PUBLIC HEALTH. 
Fermentation Industry, 
W89-01484 


ORGANIZATIONAL INDEX 


ALASKA UNIV., ANCHORAGE, MARINE 
ADVISORY PROGRAM. 
Instream Temperature Modeling and Fish 
Impact Assessment for a Proposed Large Scale 
Alaska Hydroelectric Project, 
W89-01748 6G 


ALBERTA ENVIRONMENT, EDMONTON. 
Ground Water Contamination Associated with 
Waste Disposal into a Water-Filled Open-Pit 
Coal Mine, 

W89-01683 5B 


ALBERTA RESEARCH COUNCIL, 
EDMONTON. 
Hazardous Wastes in Ground Water: A Soluble 
Dilemma. 
W89-01661 2F 


Swan Hills Facility of Alberta Special Waste 
Management Corporation: Evaluation for Deep 
Waste Disposal, 

W89-01673 SE 


ALBERTA RESEARCH COUNCIL, 
EDMONTON. BASIN ANALYSIS GROUP. 
Comparison of Analytical and Numerical Meth- 
ods for Evaluating Cross-Formational Flow and 
Selecting the Preferred Injection Aquifer, Swan 
Hills, Alberta, Canada, 
W89-01587 2F 


ALBERTA UNIV., EDMONTON. DEPT. OF 
BOTANY. 
Interrelationships among the Epipelon, Epiphy- 
ton and Phytoplankton in a Eutrophic Lake, 
W89-01276 2H 


ALBERTA UNIV., EDMONTON. DEPT. OF 
CIVIL ENGINEERING. 
Management of Residues from Centralized Haz- 
ardous Waste Treatment Facilities, 
W89-02166 5E 


ALBERTA UNIV., EDMONTON. DEPT. OF 
GEOLOGY. 
Role of Mass Transport Modeling, 
W89-01662 


ALBERTA UNIV., EDMONTON. DIV. OF 
HEALTH SERVICES ADMINISTRATION. 
Health Effects Associated with Wastewater 
Treatment, Disposal, and Reuse, 
W89-01480 5D 


ALGAL RESEARCH CENTER, LANDENBERG, 
PA. 
Cyanophage Assay as a New Concept in the 
Study of Environmental Toxicity, 
W89-01932 SA 


ALLIED-SIGNAL, INC., DES PLAINES, IL. 
ENGINEERED MATERIALS RESEARCH 
CENTER. 

Crossflow Microfiltration-Fouling Mechanisms 

Studies, 

W89-01437 SF 


ALUMINUM CO. OF AMERICA, 
DAVENPORT, IA. DAVENPORT WORKS. 
Cooperative Effort to Remediate a Historical 
PCB Disposal Site, 
W89-02010 5G 


AMERICAN COLLOID CO., SKOKIE, IL. 
Evaluation of Two Methods for Constructing 
Vertical Cutoff Walls at Waste Containment 
Sites, 

W89-01616 5G 


AMERICAN FARMLAND TRUST, 
WASHINGTON, DC. 
Strategies for Control of Non-Point Source Pol- 
lution, 
W89-02186 5G 


AMERICAN SCIENTIFIC INTERNATIONAL, 
DULUTH, MN. 
Effects of Pollution on Freshwater Organisms, 
W89-01502 5C 


AMERICAN SOCIETY FOR ENGINEERING 
EDUCATION, WASHINGTON, DC. 
Laboratory Setup to Study Two-Dimensional 
Multiphase Flow in Porous Media, 
W89-01553 5B 


AMERICAN SOCIETY FOR TESTING AND 
MATERIALS, PHILADELPHIA, PA. 
ASTM Standards on Materials and Environmen- 
tal Microbiology. 
W89-01826 2H 


Aquatic Toxicology and Environmental Fate: 
Ninth Volume. 


W89-01892 5B 


Aquatic Toxicology and Hazard Assessment: 
Seventh Symposium. 
W89-01930 5C 


AMSTERDAM UNIV. (NETHERLANDS). LAB. 
OF ENVIRONMENTAL AND 
TOXICOLOGICAL CHEMISTRY. 
Bioconcentration of Hydrophobic Chemicals in 
Fish, 
W89-01916 5B 


AMSTERDAM UNIV. (NETHERLANDS). 

VAKGROEP AQUATISCHE OECOLOGIE. 
Lake-Wide Impacts of Long-Term Sources of 
Xenobiotic Contaminants: Lake Managua (Nica- 
ragua) and Lake Michigan (United States), 
W89-02175 5C 


ANJOU RECHERCHE, MAISONS-LAFFITTE 
(FRANCE). 
Accidental Water Pollution and Drinking Water 
Production: The Daily Challenge Accepted by 
the Syndicat des Eaux d’Ile de France and the 
Compagnie Generale des Eaux (Pollutions Acci- 
dentelles des Eaux et Production d’Eau Potable: 
Le Defi Quotidien Releve par le Syndicat des 
Eaux d’Ile-de-France et la Compagnie Generale 
des Eaux), 
W89-01430 5F 


AQUA TERRA CONSULTANTS, PALO ALTO, 
CA, 
Overview of Terrestrial Processes and Model- 
ing, 
W89-01860 5B 


Example Model Testing Studies, 
W89-01864 1C 


AQUA TERRA TECHNOLOGIES, PLEASANT 
HILL, CA. 
Evaluation of Simple Generic Aquatic Ecosys- 
tem Tests to Screen the Ecological Impacts of 
Pesticides, 
W89-01791 7 


AQUATIC ECOSYSTEM ANALYSTS, 
FAYETTEVILLE, AR. 
Indexes for Assessing Fish Biomass and Yield in 
Reservoirs, 
W89-02146 7c 


ARGUS RESEARCH LABS., INC., HORSHAM, 
PA. 
Quality Assurance Review of the Use of the 
Hydra Assay in Developmental Toxicity (Tera- 
tology) Studies, 
W89-01921 sc 





ORGANIZATIONAL INDEX 


ARIZONA STATE UNIV., TEMPE. DEPT. OF ZOOLOGY. 


ARIZONA STATE UNIV., TEMPE, DEPT. OF 
ZOOLOGY. 
Organic Carbon Flux to a Large Salt Lake: 
Pyramid Lake, Nevada, USA, 
W89-01278 2H 


ARIZONA UNIV., TUCSON. DEPT. OF CIVIL 
ENGINEERING. 
Seasonal Aspects of Organic Halide Removal by 
an Aerated Lagoon Treating a Pulp and Paper 
Wastewater, 
W89-02020 5D 


ARIZONA UNIV., TUCSON. DEPT. OF 
MICROBIOLOGY. 
Recovering Viruses from Sewage, Effluents, and 
Water, 
W89-02112 SA 


ARMY ENGINEER DISTRICT, PORTLAND, 
OR. 
Water Temperature Control and Areal Oxygen 
Consumption Rates at a New Reservoir, and the 
Effects on the Release Waters, 
W89-01759 2H 


ARMY ENGINEER WATERWAYS 
EXPERIMENT STATION, VICKSBURG, MS. 
Comparative Evaluation of Heavy Metal Immo- 
bilization Using Hydroxide and Xanthate Pre- 
cipitation, 
W89-02086 5D 


Analysis of Water Distribution Systems, 
W89-02259 


ARMY ENGINEER WATERWAYS 
EXPERIMENT STATION, VICKSBURG, MS. 
HYDRAULICS LAB. 
Old River Low-Sill Control Structure: Dynamic 
Hydraulic Forces Acting on the Stilling Basin, 
Survey Boat Safety, and Debris Passage: Hy- 
draulic Model Investigation, 
W89-01767 8B 


Pond Creek Pumping Station, Southwestern Jef- 
ferson County, Kentucky: Hydraulic Model In- 
vestigation, 

W89-01768 8C 


Lake Darling Spillway, Souris River, North 
Dakota: Hydraulic Model Investigation, 
W89-01769 8A 


Cinque Hommes, Jones Cutoff, Bois Brule and 
Missouri Chute Pumping Stations; Perry 
County, Missouri, and Randolph County, IIli- 
nois: Hydraulic Model Investigation, 

W89-01772 8B 


Red River Waterway Sedimentation Study 
Downstream from Lock and Dam No. 1: Nu- 
merical Model Investigation, 

W89-01814 2J 


Atchafalaya River Delta. Report 2: Field Data, 
Section 1: Atchafalaya Bay Program Descrip- 
tion and Data, Volume I: Main Text, 

W89-01825 2L 


ARMY ENVIRONMENTAL HYGIENE 

AGENCY, ABERDEEN PROVING GROUND, 

MD. WASTE DISPOSAL ENGINEERING DIV. 
Use of an Upflow Column Leaching Test to 
Study the Release Patterns of Heavy Metals 
from Stabilized/Solidified Heavy Metal Sludges, 
W89-01639 5A 


ARMY MEDICAL BIOENGINEERING 
RESEARCH AND DEVELOPMENT LAB., 
FORT DETRICK, MD. HEALTH EFFECTS 
RESEARCH DIV. 
Can Biological Monitoring Early Warning Sys- 
tems be Useful in Detecting Toxic Materials in 
Water, 
W89-01901 SA 


OR-2 


ARMY TOPOGRAPHIC COMMAND, 

WASHINGTON, DC. 
Simple Analytical 
Short-Term Rainfall, 
W89-02261 2B 


Methods for Estimating 


ASPINWALL AND CO., SHREWSBURY 
(ENGLAND). 
Treatment of Landfill Leachates in On-site Aer- 
ated Lagoon Plants: Experience in Britain and 
Ireland, 
W89-01451 5D 


ATHENS UNIV. (GREECE). ZOOLOGICAL 
LAB. AND MUSEUM. 
Combined Toxicity of Copper, Cadmium, Zinc, 
Lead, Nickel, and Chrome to the Copepod Tisbe 
holothuriae, 
W89-01394 5C 


AUBURN UNIV., AL. DEPT. OF CIVIL 
ENGINEERING. 
Forced-Gradient Tracer Tests and Inferred Hy- 
draulic Conductivity Distributions at the Mobile 
Site, 
W89-01402 5B 


AUSTRALIAN INST. OF NUCLEAR SCIENCE 
AND ENGINEERING, SUTHERLAND. 
Large-Time Saturated-Unsaturated Water and 
Contaminant Transport Model in Unconfined 
Aquifers, 
W89-01360 5B 


BADGER ENGINEERS, INC., CAMBRIDGE, 
MA, 
High-Rate Anaerobic Waste Treatment - How 
High, 

W89-02075 5D 


BAGHDAD UNIV. (IRAQ). COLL. OF 
ENGINEERING. 
Optimal Organics Removal in Sand Beds, Treat- 
ing Industrial Influent, 
W89-01327 5D 


BAKER/TSA, INC., CORAOPOLIS, PA. 
Treatment Plant Management, Operation and 
Maintenance, 

W89-01477 5D 


BANARAS HINDU UNIV., VARANASI 
(INDIA). CENTRE OF ADVANCED STUDY IN 
ZOOLOGY. 
Mercurial Induced Changes in the Hypotha- 
lamo-Neurohypophysical Complex in Relation 
to Reproduction in the Teleostean Fish, Channa 
punctatus (Bloch), 
W89-01390 5C 


BANARAS HINDU UNIV., VARANASI 
(INDIA). DEPT. OF ZOOLOGY. 
Effect of an Anionic Detergent on the Lipid 
Moieties of Various Cell Types in the Opercular 
Epidermis of Rita rita, 
W89-01392 sc 


BARCELONA UNIV. (SPAIN). DEPT. DE 
ECOLOGIA. 
Chemical and Biological Changes in the Ter 
River Induced by a Series of Reservoirs, 
W89-01762 


BARCELONA UNIV. (SPAIN). DEPT. 
INGENIERIA QUIMICA Y METALURGIA. 
Treatment of Bleaching Waters in the Paper 
Industry by Hydrogen Peroxide and Ultraviolet 
Radiation, 
W89-01443 5D 


BATTELLE COLUMBUS DIV., OH. 
ENVIRONMENTAL PHYSICS AND 
CHEMISTRY SECTION. 

Assessment of Exposure Models for Bioengin- 

eered Microorganisms, 

W89-01907 5C 


BATTELLE NEW ENGLAND MARINE 
RESEARCH LAB., DUXBURY, MA. 
Use of Biochemical Measurements to Detect 
Pollutznt-Mediated Damage to Fish, 
W89-01941 5C 


Role of Sediment Organic Matter on Sorption- 
Desorption Reactions and Bioavailability of 
Mercury and Cadmium in an Intertidal Ecosys- 
tem, 

W89-01958 5B 


BATTELLE PACIFIC NORTHWEST LABS., 
RICHLAND, WA. 
Interactions Between Acidic Solutions and Clay 
Liners: Permeability and Neutralization, 
W89-01628 8D 


Laboratory Simulation of Fish Passage through 
a Heated-Water Discharge, 
W89-01902 5C 


Methodology for Determining the Relationship 
Between Toxicity and the Aqueous Speciation 
of a Metal, 

W89-01927 5A 


Factors Affecting Growth and Survival of the 
Asiatic Clam, Corbicula sp., under Controlled 
Laboratory Conditions, 

W89-01939 SC 


BAYERISCHE LANDESANSTALT FUER 
WASSERFORSCHUNG, MUNICH (GERMANY, 
F.R.). 
Scum Actinomycetes in Sewage Treatment 
Plants: Part 1. Growth Kinetics of Nocardia 
amarae in Chemostat Culture, 
W89-01453 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 2. The Effect of Hydrophobic Sub- 
strate, 

W89-01454 5D 


Scum Actinomycetes in Sewage Treatment 
Plants: Part 3. Synergisms with other Sludge 
Bacteria, 

W89-01455 5D 


BAYLOR COLL. OF MEDICINE, HOUSTON, 
TX. DEPT. OF VIROLOGY AND 
EPIDEMIOLOGY. 

Reconcentration of Viruses from Primary 

Eluates, 

W89-02117 SA 


BCM ENGINEERS, MOBILE, AL. 
Treating Industrial Plant Wastewater: Meeting 
Today’s Compliance Challenges, 
W89-01400 5D 


BECHTEL, INC., SAN FRANCISCO, CA. 
Considerations in Assessing Flushing Flow 
Needs in Regulated Stream Systems, 

W89-01739 2E 


BEHOERDE FUER WIRTSCHAFT, VERKEHR 
UND LANDWIRTSCHAFT, HAMBURG 
(GERMANY, F.R.). 
Contaminated Sediments in the Elbe Estuary: 
Ecological and Economic Problems for the Port 
of Hamburg, 
W89-01731 5C 


BERGAKADEMIE FREIBERG (GERMAN 
D.R.). 
Simulation and Parameter Identification of Mass 
Transport in Ground Water, 
W89-01409 2F 





BIOSYSTEMS, INC., CHESTER, PA. 
Applicability of In-Situ Bioreclamation as a Re- 
medial Action Alternative, 

W89-01541 5G 


BIOTHANE CORP., CAMDEN, NJ. 
Start-Up and Operation of an Anaerobic Facility 
for Pretreatment of Corn-Ethanol Wastewater, 
W89-02074 5D 


BIRD MACHINE CO., INC., SOUTH 
WALPOLE, MA. 

Waste Oil Recovery, 

W89-02051 5D 


BIRMINGHAM UNIV. (ENGLAND). DEPT. OF 
CIVIL ENGINEERING. 
Numerical and Conceptual Models for Recharge 
Estimation in Arid and Semi-Arid Zones, 
W89-02237 2F 


BLACK AND VEATCH, DENVER, CO. 
Rehab for Filtration, 
W89-01348 5F 


BLACK AND VEATCH, PHILADELPHIA, PA. 
Biodegradation of Organic Compounds in 
Anoxic Groundwater Systems, 

W89-02027 5G 


BOLOGNA UNIV. (ITALY). IST. DI 
BIOCHIMICA. 
Effects of Chemical Pollutants and Phytoplank- 
ton Blooms on the Marine Biological Resources 
of the Adriatic Sea, 
W89-01307 5C 


BONNEVILLE POWER ADMINISTRATION, 
PORTLAND, OR. DIV. OF POWER 
RESOURCES PLANNING. 
U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Idaho. 
W89-02002 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Wash- 
ington. 

W89-02003 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Oregon. 
W89-02004 7C 


U.S. Environmental Protection Agency River 
Reach File: Hydrologic Segment Plots - Mon- 
tana. 

W89-02005 7C 


BOTSWANA TECHNOLOGY CENTRE, 
GABORONE. 
Growing Vegetables with Little Water, 
W89-01774 3F 


BOTSWANA UNIV., GABORONE. FACULTY 
OF SCIENCE. 
Proposed Study of Recharge Processes in Frac- 
ture Aquifers of Semi-Arid Botswana, 
W89-02230 2F 


BOWLING GREEN STATE UNIV., OH. DEPT. 
OF BIOLOGICAL SCIENCES. 
Terrestrial Communities: From Mesic to Hydric, 
W89-01841 SE 


BRADFORD UNIV. (ENGLAND). SCHOOL OF 
ENVIRONMENTAL SCIENCE. 
Consequences of Environmental Contamination 
by Lead Mining in Wales, 
W89-01733 5B 


BRIGHAM YOUNG UNIV., PROVO, UT. 
DEPT. OF CIVIL ENGINEERING. 
Fruit, Grain, and Vegetable Wastes, 
W89-01483 


ORGANIZATIONAL INDEX 
CAMBRIDGE ANALYTICAL ASSOCIATES, INC., BOSTON, MA. BIOREMEDIATION 


BRITISH COLUMBIA HYDRO AND POWER 
AUTHORITY, VANCOUVER. 
Study Design for Fisheries and Hydrology As- 
sessment in a Glacial Watershed in British Co- 
lumbia, 
W89-01756 2H 


BRITISH GEOLOGICAL SURVEY, 
WALLINGFORD (ENGLAND). 
Quantification of Groundwater Recharge in 
Arid Regions: A Practical View for Resource 
Development and Management, 
W89-02243 2F 


BRITISH GEOLOGICAL SURVEY, 
WALLINGFORD (ENGLAND). 
HYDROGEOLOGY RESEARCH GROUP. 
Solute Profile Techniques for Recharge Estima- 
tion in Semi-Arid and Arid Terrain, 
W89-02232 2F 


BROOKLYN COLL., NY. DEPT. OF 
BIOLOGY. 
Seasonal and Spatial Variability in Macro- 
benthos Communities in Jamaica Bay, New 
York: An Urban Estuary, 
W89-01424 5C 


BROWN AND CALDWELL, PLEASANT HILL, 
CA. 
Wastewater Management in Semiconducting 
Electronic Crystal Manufacturing Facilities, 
W89-02091 


BROWN (K.W.) AND ASSOCIATES, INC., 
COLLEGE STATION, TX. 
Effects of Various Liquids on Clay Soil: Benton- 
ite Slurry Mixtures, 
W89-01619 8D 


BROWNING-FERRIS INDUSTRIES, 
HOUSTON, TX. HOUSTON LAB. 
Laboratory and Waste Management for Safety 
and Regulatory Compliance, 
W89-01660 SE 


BUNDESANSTALT FUER 
GEWAESSERKUNDE, KOBLENZ (GERMANY, 
F.R.). 
Migration of Organic Fluids Immiscible with 
Water in the Unsaturated and Saturated Zones, 
W89-01665 5B 


BUNDESGESUNDHEITSAMT, BERLIN 
(GERMANY, F.R.). INST. FUER WASSER-, 
BODEN- UND LUFTHYGIENE. 
How to Assess the Hazardous Ground Water 
Contamination Potential of Uncontrolled Waste 
Sites, 
W89-01668 5B 


BUNDESVERSUCHS- UND 
FORSCHUNGSANSTALT ARSENAL, VIENNA 
(AUSTRIA). 
Feasability Study on the Retrospective Evalua- 
tion of Anomalous Local Tritium Fallout by the 
Analysis of Tree Rings from Selected Districts 
in Austria and Hungary, 
W89-02263 5B 


BUREAU DE RECHERCHES GEOLOGIQUES 
ET MINIERES, ORLEANS (FRANCE). 
Analysis of Long-Duration Piezometric Records 
from Burkina Faso Used to Determine Aquifer 
Recharge, 
W89-02254 2F 


Humid and Arid Zone Groundwater Recharge - 
A Comparative Analysis, 
W89-02255 2F 


BUREAU OF RECLAMATION, DENVER, CO. 
Effects of Brine on the Soil Lining of an Evapo- 
ration Pond, 

W89-01627 5B 


BURLINGTON INDUSTRIES, INC., 
GREENSBORO, NC. ARCHITECTURAL AND 
STRUCTURAL SECTION. 
Precast Concrete Design for Tertiary Waste 
Treatment Plant Significantly Reduces Time and 
Project Cost, 
W89-02049 8F 


BUTLER UNIV., INDIANAPOLIS, IN. 
HOLCOMB RESEARCH INST. 
International Agreements and Strategies for 
Controlling Toxic Contaminants, 
W89-02191 6E 


CALIFORNIA DEPT. OF HEALTH SERVICES, 
BERKELEY. DIV. OF LABS. 
Mechanisms of Adsorption and Elution of Vi- 
ruses to Solids in the Natural Environment, 
W89-02118 5B 


CALIFORNIA DEPT. OF HEALTH SERVICES, 
BERKELEY. HAZARD EVALUATION 
SECTION. 

Trichloroethylene: Water Contamination and 

Health Risk Assessment, 

W89-01385 5B 


CALIFORNIA STATE UNIV., LONG BEACH. 
DEPT. OF BIOLOGY. 

Effects on Saltwater Organisms, 

W89-01503 5C 


CALIFORNIA STATE WATER RESOURCES 

CONTROL BOARD, SACRAMENTO. 
Wastewater Reclamation and Reuse, 
W89-01478 


CALIFORNIA UNIV., LOS ANGELES. 
SCHOOL OF PUBLIC HEALTH. 
Ground Water Contamination by Organic 
Chemicals: Uncertainties in Assessing Impact, 
W89-01667 5B 


CALIFORNIA UNIV., RIVERSIDE. 
Transport Mechanisms and Loss Pathways for 
Chemicals in Soil, 
W89-01861 5B 


Chemical Movement through Soil, 
W89-01865 5B 


Volatilization from Soil, 
W89-01866 5B 


Adsorption of Organic Chemicals onto Soil, 
W89-01867 5B 


Spatial Variability of Soil Properties, 
W89-01870 2G 


CALIFORNIA UNIV., RIVERSIDE. DEPT. OF 

SOIL AND ENVIRONMENTAL SCIENCES. 
Transport and Transformations of Organic 
Chemicals in the Soil-Air-Water Ecosystem, 
W89-01384 


CALIFORNIA UNIV., SANTA CRUZ. DEPT. 
OF EARTH SCIENCES. 
Hydrologic Factors Triggering a Shallow Hiils- 
lope Failure, 
W89-01363 2G 


CALOCERINOS AND SPINA, LIVERPOOL, 
NY. 
Urban Runoff and Combined Sewer Overflow, 
W89-01481 5B 


CAMBRIDGE ANALYTICAL ASSOCIATES, 
INC., BOSTON, MA. BIOREMEDIATION 
SYSTEMS DIV. 
Biodegradation of Chlorinated Chemicals in 
Groundwater by Methane Oxidizing Bacteria, 
W89-01542 5G 


OR-3 





ORGANIZATIONAL INDEX 


CAMPBELL GEOSCIENCE LTD., CALGARY (ALBERTA). 


CAMPBELL GEOSCIENCE LTD., CALGARY 
(ALBERTA). 
Effects of the 1982 Amoco-Dome Brazeau River 
Gas Well Blowout on the Subsurface Environ- 


ment, 

W89-01687 5B 
CANADA CENTRE FOR INLAND WATERS, 
BURLINGTON (ONTARIO). 

Phytoplankton Bioassays for Evaluating Toxici- 


ty of In Situ Sediment Contaminants, 
W89-01723 5C 


CANADIAN ENVIRONMENTAL LAW 
RESEARCH FOUNDATION, TORONTO 
(ONTARIO). 
Ecosystem Management: Overcoming Jurisdic- 
tional Diversity through Law Reform, 
W89-02192 6E 


CANADIAN WILDLIFE SERVICE, OTTAWA 
(ONTARIO). 
Long-Range Transport of Organochlorines in 
the Arctic and Sub-Arctic: Evidence from Anal- 
ysis of Marine Mammals and Fish, 
W89-02126 5B 


CANTERBURY UNIV., CHRISTCHURCH 
(NEW ZEALAND). DEPT. OF ZOOLOGY. 
Invertebrates, 
W89-01889 6G 


CARLETON UNIV., OTTAWA (ONTARIO). 
DEPT. OF CHEMISTRY. 
Chemistry of the Cyclodiene Insecticides, 
W89-01972 SA 


CDM, RALEIGH, NC. 
Better Than ‘Optimal’ Method for Designing 
Drainage Systems, 
W89-01365 4A 


CENTER FOR THE GREAT LAKES, 
CHICAGO, IL. 

Economic View of the Great Lakes, 

W89-02177 6A 


CENTRAL GROUND WATER BOARD, NEW 
DELHI (INDIA). 
Natural Ground Water Estimation Methodolo- 
gies in India, 
W89-02241 2F 


CENTRAL RICE RESEARCH INST., 
CUTTACK (INDIA). LAB. OF SOIL 
MICROBIOLOGY. 
Leaching of Carbofuran in Flooded Field Under 
Puddled and Nonpuddled Conditions, 
W89-01283 5B 


CENTRE FOR WATER RESOURCES 
DEVELOPMENT AND MANAGEMENT, 
KUNNAMANGALAM (INDIA). WATER 
QUALITY AND ENVIRONMENT DIV. 
Atomic Absorption Spectrometric and Synergis- 
tic Spectrophotometric Microdetermination of 
Hafnium in Alloys and Environmental Samples, 
W89-01526 SA 


CESKOSLOVENSKA AKADEMIE VED, 
CESKE BUDEJOVICE. INST. OF LANDSCAPE 
ECOLOGY. 
Bacterial Activity in a Reservoir Determined by 
Autoradiography and its Relationships to Phyto- 
and Zooplankton, 
W89-01277 2H 


CH2M HILL, INC., ATLANTA, GA. 
Evaluation of Carbon Impregnated Polyure- 
thane Foam Media for Biological Removal of 
Carbon and Nitrogen from Chemical Industry 
Wastewater, 
W89-02016 5D 


CH2M HILL, INC., GAINESVILLE, FL. 
Testing and Repair of a Leaking Deep Injection 
Well, 

W89-01571 SE 


OR-4 


CH2M HILL, INC., PORTLAND, OR. 
Continuous Closed Loop Regeneration System 
for a Chromic/Sulfuric Acid Etchant Bath, 
W89-02092 5D 


CH2M/HILL, RESTON, VA. 
Metal Finishing and Processing, 
W89-01491 5D 


CH2M, INC., PORTLAND, OR. 
Considerations for Wetland Treatment of Spent 
Geothermal Fluids, 
W89-01831 5D 


CHEMICAL INDUSTRY INST. OF 
TOXICOLOGY, RESEARCH TRIANGLE 
PARK, NC. 
Toxicology Testing as a Control Strategy, 
-02164 


CHEMICAL RESEARCH, DEVELOPMENT 
AND ENGINEERING CENTER, ABERDEEN 
PROVING GROUND, MD. 
Resource Competition Modeling of the Impacts 
of Xenobiotics on Biological Communities, 
W89-01897 


CHEMICALS INSPECTION AND TESTING 
INST., OITA (JAPAN). HITA RESEARCH 
LABS 


Evaluation of Toxicity Profiles of Organic 
Chemicals: Usefulness of Ecotoxicological Basic 
Test Set of OECD, 

W89-02129 5A 


CHENGDU UNIV. OF SCIENCE AND 
TECHNOLOGY (CHINA). 
Impact of Lake Changshou on the Environment, 
W89-02195 6G 


CHINA AERONAUTICAL PROJECT AND 
DESIGN INST., BEIJING. 
Applications of Vyredox Method Regarding 
Iron Removal from Ground Water in China, 
W89-01411 5F 


CIBA-GEIGY A.G., BASEL (SWITZERLAND). 
AGRICULTURAL DIV. 
Recommended Approach to the Evaluation of 
the Environmental Behavior of Pesticides: 
IUPAC Reports on Pesticides, No. 24, 
W89-01296 5A 


CINCINNATI UNIV., OH. DEPT. OF CIVIL 

AND ENVIRONMENTAL ENGINEERING. 
Activated Sludge Treatment of Selected Aque- 
ous Organic Hazardous Waste Compounds, 
W89-02064 


COLD REGIONS RESEARCH AND 
ENGINEERING LAB., HANOVER, NH. 
Wetlands for Wastewater Treatment: An Engi- 
neering Perspective, 
W89-01858 5D 


COLLINGS, LEGG, MASON, INC., 
PHILADELPHIA, PA. 
Recent Sewage Financing in Pennsylvania, 
W89-01292 


COLORADO DEPT. OF LOCAL AFFAIRS, 
DENVER. 
Yakima River Spring Chinook Enhancement 
Study. Annual Report FY 1986, 
W89-02260 81 


COLORADO STATE UNIV., FORT COLLINS. 
DEPT. OF BOTANY AND PLANT 
PATHOLOGY. 

Responses of Epilithic Algae to Regulation of 

Rocky Mountain Streams, 

W89-01763 6G 


COLORADO STATE UNIV., FORT COLLINS. 
DEPT. OF ZOOLOGY AND ENTOMOLOGY. 
Ecology of Regulated Streams: Past Accom- 


plishments and Directions for Future Research, 
W89-01764 


COMMISSION OF THE EUROPEAN 
COMMUNITIES, ISPRA (ITALY). JOINT 
RESEARCH CENTRE. 

Case Study on the Fate of Heavy Metals: Lake 

Maggiore, Italy, 

W89-02173 5B 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
GLEN OSMOND (AUSTRALIA). DIV. OF 
SOILS. 
Review of Some of the Physical, Chemical and 
Isotopic Techniques Available for Estimating 
Groundwater Recharge, 
W89-02227 2F 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
WEMBLEY (AUSTRALIA). DIV. OF 
GROUNDWATER RESEARCH. 
Recharge Estimation from the Depth-Distribu- 
tion of Environmental Chloride in the Unsatu- 
rated Zone: Western Australian Examples, 
W89-02233 2F 


Principles of Inverse Modelling for Estimation 
of Recharge from Hydraulic Head, 
W89-02239 2F 


COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION, 
WEMBLEY (AUSTRALIA). DIV. OF WATER 
RESOURCES. 
Water Erosion in the Dryland Cropping Regions 
of Australia. 4. Land and Land Use Data for a 
Relative Assessment of Potential Soil Movement 
in Victoria, 
W89-01804 2J 


CONNECTICUT UNIV., STORRS. DEPT. OF 
CHEMISTRY. 
Use of Headspace Sampling Techniques in the 
Field to Quantify Levels of Gasoline Contamina- 
tion in Soil and Ground Water, 
W89-01548 5A 


CONNECTICUT UNIV., STORRS. DEPT. OF 
GEOLOGY AND GEOPHYSICS. 
Influence of Pore Air/Water Exchange on the 
Diffusion of Volatile Organic Vapors in Soil, 
W89-01560 5B 


CONSIGLIO NAZIONALE DELLE 
RICERCHE, BOLOGNA (ITALY). IST. PER LA 
GEOLOGIA MARINA. 

Sediments and Pollution in the Northern Adriat- 

ic Sea, 

W89-01308 5B 


CONSTRUCTION ENGINEERING RESEARCH 
LAB. (ARMY), CHAMPAIGN, IL. 
Evaluation of Grease Management Alternatives 
for Army Wastewater Collection and Treatment 
Systems, 
W89-02262 5D 


CONSULTANTS IN ENVIRONMENTAL 
SCIENCES LTD., LONDON (ENGLAND). 
Scope of the Problem, 
W89-02098 5C 


Sludge Treatment, 
W89-02107 5D 


COOK COLL., NEW BRUNSWICK, NJ. DEPT. 
OF BIOLOGICAL AND AGRICULTURAL 
ENGINEERING. 
Biotechnology for the Treatment of Hazardous 
Waste Contaminated Soils and Residues, 
W89-02285 5G 





COOK COLL., NEW BRUNSWICK, NJ. DEPT. 
OF ENVIRONMENTAL SCIENCE. 
Dissolved Oxygen Dynamics in the Mid-Passaic 
River: Late Summer/Early Fall 1983-4 Field 
Studies, 
W89-01324 5C 


Sorption Kinetics of Competing Organic Sub- 
stances on New Jersey Coastal Plain Aquifer 
Solids, 

W89-01643 5B 


CORNELL UNIV., ITHACA, NY. 
ECOSYSTEMS RESEARCH CENTER. 
Comparisons of the Processing of Elements by 
Ecosystems, I: Nutrients, 
W89-01836 2H 


CORPS OF ENGINEERS, VICKSBURG, MS. 
Use of Bioassay and Associated Tests in 
Dredged Material and Disposal Management, 
W89-01722 5B 


DARTMOUTH COLL., HANOVER, NH. 
Introducing Scientific Analysis to Public Policy 
- An International Perspective, 
W89-02187 6E 


DAVIS (KEN E.) ASSOCIATES, HOUSTON, 
TX. 


Factors Effecting the Area of Review for Haz- 
ardous Waste Disposal Wells, 
W89-01572 SE 


Integrity Testing of Class I Hazardous Injection 
Wells: Related Experience in the Great Lakes 
Region, 

W89-01574 SE 


Two Decades of Successful Hazardous Waste 
Disposal Well Operation: A Compilation of Case 
Histories, 

W89-01577 5E 


DE PAUL UNIV., CHICAGO, IL. DEPT. OF 
CHEMISTRY. 
Significance of Atmospheric Inputs of Toxic 
Materials to Large Lakes, 
W89-02161 5C 


DELAWARE UNIV., NEWARK. DEPT. OF 
CIVIL ENGINEERING. 
Process Technology for the Biological Treat- 
ment of Toxic Organic Wastes, 
W89-01652 5D 


Methodology for Utilizing Respirometric Data 
to Assess Biodegradation Kinetics, 
W89-02063 5D 


High-Rate Biological Process for Treatment of 
Phenolic Wastes, 
W89-02284 5D 


DELHI UNIV. (INDIA). DEPT. OF ZOOLOGY. 
Changes in Food (Chlorella) Levels and the 
Acute Toxicity of Cadmium to Daphnia carinata 
(Daphnidae) and Echinisca triserialis (Marcoth- 
ricidae) (Crustacea: Cladocera), 

W89-01397 5C 


DEPARTMENT OF AGRICULTURE, 
LETHBRIDGE (ALBERTA). GROUNDWATER 
SECTION. 

Hydrogeology of Clay Till in a Prairie Region 

of Canada, 

W89-01406 2F 


DEPARTMENT OF ENVIRONMENTAL 
AFFAIRS, PRETORIA (SOUTH AFRICA). 
Mountain Catchment Management with Goal 
Programming, 
W89-01374 4A 


ORGANIZATIONAL INDEX 


DU PONT DE NEMOURS (E.!.) AND CO., WILMINGTON, DE. 


DEPARTMENT OF FISHERIES AND 
OCEANS, BURLINGTON (ONTARIO). GREAT 
LAKES FISHERIES RESEARCH BRANCH. 
Effects of Contaminants on Algae: An Over- 
view, 
W89-02127 5C 


DEPARTMENT OF FISHERIES AND 

OCEANS, ST. ANDREWS (NEW 

BRUNSWICK). BIOLOGICAL STATION. 
Toxicity of Potash Brines to Early Developmen- 
tal Stages of Atlantic Salmon (Salmo salar), 
W89-01396 5C 


DEPARTMENT OF FISHERIES AND 
OCEANS, ST. JOHN’S (NEWFOUNDLAND). 
SCIENCE BRANCH. 

Detection of Drilling Mud-Base Oil in the Bile 

of Trout, Salmo gairdneri, 

W89-01301 5B 


DEPARTMENT OF FISHERIES AND 
OCEANS, WINNIPEG (MANITOBA). 
FRESHWATER INST. 
Effect of Natural Hydroperiod Fluctuations on 
Freshwater Wetlands Receiving Added Nutri- 
ents, 
W89-01838 } 5D 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH, TAUPO (NEW 
ZEALAND). TAUPO RESEARCH LAB. 
Antarctic Stream Ecosystems: Variability in En- 
vironmental Properties and Algal Community 
Structure, 
W89-01274 2H 


DEPARTMENT OF THE ENVIRONMENT, 
OTTAWA (ONTARIO). 
Perceptions, Paradigms and Ethics: A Perspec- 
tive on the Social Context of Environmental 
Issues, 
W89-01728 6G 


Overview of the Effectiveness of Canadian 
Chlor-Alkali Mercury Regulations, 
W89-02135 5G 


DEPARTMENT OF THE ENVIRONMENT, 
OTTAWA (ONTARIO). RIVER ROAD 
ENVIRONMENTAL TECHNOLOGY CENTER. 
Gloucester Project: A Study in Organic Con- 
taminant Hydrogeology, 
W89-01666 5B 


DEPARTMENT OF WATER AFFAIRS, 
FORESTRY AND ENVIRONMENTAL 
CONSERVATION, PRETORIA (SOUTH 
AFRICA). 

Quantitative Estimation of Ground-Water Re- 

charge in Dolomite, 

W89-02252 2F 


Quantitative Estimation of Ground-Water Re- 
charge in the Pretoria-Rietondale Area, 
W89-02253 2F 


DEPARTMENT OF WATER AFFAIRS, 
WINDHOEK (NAMIBIA). 
Unexpected Factor Affecting Recharge from 
Ephemeral River Flows in SWA/ Namibia, 
W89-02225 2F 


DETOX, INC., DAYTON, OH. 
Design, Economics, and Operation of a Biologi- 
cal Treatment System for Ketone Contaminated 
Ground and Solvent Recovery Process Waters, 
W89-02012 5D 


DEWANTE AND STOWELL, SACRAMENTO, 
CA. 
Mosquito Considerations in the Design of Wet- 
land Systems for the Treatment of Wastewater, 
W89-01830 5D 


DIREKTORATET FOR VILT OG 
FERSKVANNSFISK, TRONDHEIM 
(NORWAY). 
Hydropower Development of Salmon Rivers: 
Effect of Changes in Water Temperature on 
Growth of Brown Trout (Salmo trutta) Pres- 
molts, 
W89-01749 6G 


DOW CHEMICAL CO., BATON ROUGE, LA. 
LOUISIANA DIV. 
Developing Guides for Sampling and Analysis 
of Ground Water, 
W89-01653 TA 


DOW CHEMICAL CO., MIDLAND, MI. 
Waste Reduction: Program, Practice and Prod- 
uct in Chemical Manufacturing, 
W89-01342 5G 


Integrated Waste Management: An Industrial 
Perspective, 
W89-02165 SE 


DOW CHEMICAL U.S.A., MIDLAND, MI. 

DEPT. OF ENVIRONMENTAL QUALITY. 
Why Round-Robin Testing with Zooplankton 
Often Fails to Provide Acceptable Results, 
W89-01918 5A 


DREXEL UNIV., PHILADELPHIA, PA. 
Toxicity Assays and Molecular Structure Toxic- 


ity, 
W89-02270 5D 


DREXEL UNIV., PHILADELPHIA, PA. DEPT. 
OF CIVIL ENGINEERING. 
Effect of Oil Emulsions on the Counter Current 
Air Stripping of Toluene, 
W89-01290 5D 


Principles of Bioreclamation of Contaminated 
Ground Water and Leachates, 
W89-01644 5G 


Use of Flexible Membrane Liners for Industrial 
and Hazardous Waste Disposal, 
W89-01645 SE 


Toxicity of Nickel in Methane Fermentation 
Systems: Fate and Effect on Process Kinetics, 
W89-02272 5D 


DU PONT DE NEMOURS (E.I.) AND CO., 
AIKEN, SC. SAVANNAH RIVER LAB. 
Gas Exchange Between Forest and Atmosphere, 
W89-01817 5B 


DU PONT DE NEMOURS (E.1.) AND CO., 
BEAUMONT, TX. 
Class I Injection Well Design Considerations: 
Using Fiberglass Tubulars and Epoxy Cement, 
W89-01570 8C 


DU PONT DE NEMOURS (E.I.) AND CO., 
VICTORIA, TX. 
Operation and Maintenance of Underground In- 
jection Wells, 
W89-01578 SE 


Injection Zone Pressure Profile, 
W89-01588 SE 


DU PONT DE NEMOURS (E.1.) AND CO., 
WILMINGTON, DE. 
Fluid Sealed Class I Injection Wells, 
W89-01573 


Flow and Containment of Injected Wastes, 
W89-01589 


Chemical Fate of Injected Wastes, 
W89-01590 





ORGANIZATIONAL INDEX 


DUKE UNIV., DURHAM, NC. SCHOOL OF FORESTRY AND ENVIRONMENTAL STUDIES. 


DUKE UNIV., DURHAM, NC. SCHOOL OF 
FORESTRY AND ENVIRONMENTAL 
STUDIES. 

Forest Soils and Acid Deposition: An Overview 

and Synthesis, 

W89-01818 5B 


Ecological Analysis of Wastewater Management 
Criteria in Wetland Ecosystems, 
W89-01851 5D 


E.V.S. CONSULTANTS LTD., NORTH 
VANCOUVER (BRITISH COLUMBIA). 
Overview of Biological Effects Testing in Puget 
Sound, Washington: Methods, Results, and Im- 
plications, 
W89-01952 5C 


EA ENGINEERING, SCIENCE, AND 
TECHNOLOGY, INC., LAFAYETTE, CA. 
Enhanced Bioreclamation, Soil Venting and 
Ground-Water Extraction: A Cost-Effectiveness 
and Feasibility Comparison, 
W89-01540 5G 


EA ENGINEERING, SCIENCE, AND 
TECHNOLOGY, INC., NORTHBROOK, IL. 
MIDWEST REGIONAL OFFICE. 
How Representative Are the Data Sets Used to 
Derive National Water Quality Criteria, 
W89-01963 5G 


EA ENGINEERING, SCIENCE, AND 

TECHNOLOGY, INC., SPARKS, MD. 
Comparative Toxicity of Whole and Liquid 
Phase Sewage Sludges to Marine Organisms, 
W89-01945 a 


EAST CAROLINA UNIV., GREENVILLE, NC. 
DEPT. OF BIOLOGY. 
Management Potential for Nutries:t Removal in 
Forested Wetlands, 
W89-01853 5D 


EAST TEXAS STATE UNIV., COMMERCE, 
Economics, 
W89-01462 6B 


EAST-WEST CENTER, HONOLULU, HI. 
Riverine and Other Tropical Lakes and Their 
Fisheries, 

W89-02143 2H 


ECO RESEARCH AND RESOURCE 
PLANNING, BROMMA (SWEDEN). 
Fishes, Fishing and Pollution in Lake Vanern 
(Sweden), 
W89-02149 8I 


ECOLE POLYTECHNIQUE, MONTREAL 
(QUEBEC). DEPT. DE GENIE MINERAL. 
Design and Performance of a Large Disposal 
Field (Conception et performance d’un champ 
d’epandage de grandes dimensions), 
W89-01338 SE 


ECOLOGICAL ANALYSTS, INC., SPARKS, 
MD. 
Approach to Sewage Sludge Bioaccumulation 
Potential Tests, 
W89-01946 5C 


EG AND G BIONOMICS, WAREHAM, MA. 
AQUATIC TOXICOLOGY LAB. 
Method of Assessing the Toxicity of Contami- 
nated Freshwater Sediments, 
W89-01947 5A 


EHIME UNIV., MATSUYAMA (JAPAN). 

DEPT. OF ENVIRONMENT CONSERVATION. 
PCBs on the Globe: Possible Trend of Future 
Levels in the Open Ocean Environment, 
W89-02170 5B 


OR-6 


EIDGENOESSISCHE TECHNISCHE 

HOCHSCHULE, ZURICH (SWITZERLAND). 

DEPT, OF CHEMICAL ENGINEERING. 
Packed- and Fluidized-Bed Biofilm Reactor Per- 
formance for Anaerobic Wastewater Treatment, 
W89-01284 5D 


ELI-ECO LOGIC, INC., ACTON (ONTARIO). 
Ecosystem Surprise: Toxic Chemical Exposure 
and Effects in the Great Lakes, 

W89-02123 x 


EMILIA-ROMAGNA REGIONAL 
AUTHORITIES, BOLOGNA (ITALY). 
Eutrophication of the Coastal Waters of the 
North Adriatic Sea: National and Regional 
Intervention Programs, 
W89-01304 5C 


Eutrophication in the Emilia-Romagna Coastal 
Waters in 1984-1985, 
W89-01306 5C 


EMORY UNIV., ATLANTA, GA. DEPT. OF 
BIOLOGY. 
Trace Metals in the Atmosphere, Forest Floor, 
Soil, and Vegetation, 
W89-01711 5C 


EMORY UNIV., ATLANTA, GA. DEPT. OF 
GEOLOGY. 
Debris Avalanche and the Origin of First-Order 
Streams, 
W89-01698 8E 


EMPIRE-THOMSEN, GROTON, NY. 
Evaluation of Paint Filter Test Method to De- 
termine Free Liquid in Waste Samples, 
W89-01659 SE 


ENEA, LA SPEZIA (ITALY). CENTRO 
RICHERCHE ENERGIA AMBIENTE. 
Case Study: Bay of Pozzuoli (Gulf of Naples, 
Italy), 
W89-01732 5B 


ENGINEERING ENTERPRISES, INC., LONG 
BEACH, CA, 
Practical Approach to Hydrocarbon Recovery 
at Marine Terminals, 
W89-01536 5G 


ENGINEERING ENTERPRISES, INC., 
NORMAN, OK. 
Installation of Hydrocarbon Detection Wells 
and Volumetric Calculations Within a Confined 
Aquifer: A Case Study, 
W89-01545 TA 


ENGINEERING-SCIENCE, FAIRFAX, VA. 
Effluent Toxicity Monitoring Methodology 
Evaluated for Five Industrial Dischargers, 
W89-02030 


Development of Design Criteria for Treatment 
of Metal-Containing Wastewaters at Oak Ridge 
National Laboratory, 

W89-02087 5D 


ENGINEERING-SCIENCE, INC., ATLANTA, 
GA. 
Treatment and Disposal Technologies for Liquid 
Hazardous Wastes Alternatives to Subsurface 
Injection, 
W89-01594 SE 


Economic Impacts of Alternative Technologies 
for Treatment and Disposal of Liquid Hazardous 
Wastes, 

W89-01595 SE 


ENVIRONMENTAL MONITORING AND 
SUPPORT LAB.-CINCINNATI, OH. 
BIOLOGICAL METHODS BRANCH. 

Study of the Reliability of Daphnia Acute Tox- 

icity Tests, 

W89-01935 5A 


ENVIRONMENTAL PROTECTION AGENCY, 
CHICAGO, IL. ENVIRONMENTAL SERVICES 
DIV. 

Aquatic Sediments, 

W89-01504 5B 


National Pesticides in Well Water Survey, 
W89-02213 5A 


ENVIRONMENTAL PROTECTION AGENCY, 
CHICAGO, IL. REGION V. 
Role of the Critical Temperature of Carbon 
Dioxide on the Behavior of Wells Injecting Hy- 
drochloric Acid Into Carbonate Formations, 
W89-01592 SE 


ENVIRONMENTAL PROTECTION AGENCY, 
CINCINNATI, OH. 

Disinfection, 

W89-01476 5D 


ENVIRONMENTAL PROTECTION AGENCY, 
CINCINNATI, OH. DRINKING WATER 
RESEARCH DIV. 
Treatment of Water from Contaminated Wells, 
W89-02212 5F 


ENVIRONMENTAL PROTECTION AGENCY, 
CINCINNATI, OH. WATER ENGINEERING 
RESEARCH LAB. 

Biological Treatment of Toxics in Wastewater: 

The Problems and Opportunities, 

W89-02268 5D 


ENVIRONMENTAL PROTECTION AGENCY, 
DALLAS, TX. REGION VI. 

Lake and Reservoir Management, 

W89-01497 5G 


ENVIRONMENTAL PROTECTION AGENCY, 
GULF BREEZE, FL. GULF BREEZE 
ENVIRONMENTAL RESEARCH LAB. 

Fate of Pollutants, 

W89-01501 5B 


ENVIRONMENTAL PROTECTION AGENCY, 
LAS VEGAS, NV. 
Generic Steps in the Field Validation of Vadose 
Zone Fate and Transport Models, 
W89-01862 7C 


Example Field Testing of Soil Fate and Trans- 
port Model, PRZM, Dougherty Plain, Georgia, 
W89-01863 5B 


ENVIRONMENTAL PROTECTION AGENCY, 
LAS VEGAS, NV. QUALITY ASSURANCE 
DIV. 
Validation of Collaborative Testing Guidelines, 
W89-01917 5A 


ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. 
Invertebrate Fish Food Resources of Lotic En- 
vironments, 
W89-01802 2H 


Use of Wetlands for Wastewater Treatment and 
Effluent Disposal: Institutional Constraints, 
W89-01855 5D 


Biological Parameters of the TVA Eurasian Wa- 
termilfoil Management Program, 
W89-01993 4A 


Biological Parameters Influencing Growth and 
Reproduction of Hydrilla, 
W89-01995 2E 


Technical Review of Factors Affecting Diquat 
for Aquatic Use, 
W89-01998 4A 





Strategies for Aquatic Vegetation Management, 
W89-02001 4A 


ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. OFFICE OF DRINKING 
WATER. 

Drinking Water Siandards: Their Derivation 

and Meaning, 

W89-02210 5G 


ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. OFFICE OF MARINE 
AND ESTUARINE PROTECTION. 
Recommended Biological Indices for 301(h) 
Monitoring Programs, 
W89-01812 7B 


ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. OFFICE OF PESTICIDES 
AND TOXIC SUBSTANCES. 
Evaluating Risks of Genetically Engineered 
Products Under the Toxic Substances Control 


Act, 

W89-01906 x 
ENVIRONMENTAL PROTECTION AGENCY, 
WASHINGTON, DC. OFFICE OF TOXIC 
SUBSTANCES. 


Effects of Chemicals on Microorganisms, 
W89-01507 Se 


ENVIRONMENTAL PROTECTION SERVICE, 
BURLINGTON (ONTARIO). WASTE WATER 
TECHNOLOGY CENTRE. 
Approach for Evaluating Long-Term Leachabi- 
lity from Measurement of Intrinsic Waste Prop- 


erties, 
W89-01638 5A 


Leachability of Solidified (Ba, Ra)SO4 Sedi- 
ments in Simulated Settling Ponds, 
W89-02013 5B 


Dissolved Oxygen Control in a Coupled Fluid- 
ized Bed System, 
W89-02060 5D 


ENVIRONMENTAL RESEARCH LAB., 
ATHENS, GA. 
Design Criteria for a Predictive Ecological Ef- 
fects Modeling System, 
W89-01896 5C 


ENVIRONMENTAL RESEARCH LAB.- 
DULUTH, MN. 
Proposed Goal of Applied Aquatic Toxicology, 
W89-01893 x 


Behavioral and Morphological Changes in Fat- 
head Minnow (Pimephales promelas) as Diag- 
nostic Endpoints for Screening Chemicals Ac- 
cording to Mode of Action, 

W89-01924 pe 


Diets for Ceriodaphnia reticulata Life-Cycle 


Tests, 
W89-01933 5A 


Are the ‘Guidelines for Deriving Numerical Na- 
tional Water Quality Criteria for the Protection 
of Aquatic Life and Its Uses’ Based on Sound 
Judgments, 

W89-01962 5G 


Use of Statistical Information to Improve Com- 
patibility Between the Various Components of 
the Water Quality Based Approach, 

W89-01967 5G 


ENVIRONMENTAL RESEARCH LAB.- 
DULUTH, MONTICELLO, MN. 
MONTICELLO ECOLOGICAL RESEARCH 
STATION. 
Evaluation of a Site-Specific Water Quality Cri- 
terion for Pentachlorophenol Using Outdoor Ex- 
perimental Streams, 
W89-01966 5G 


ORGANIZATIONAL INDEX 


FLORIDA UNIV., GAINESVILLE. DEPT. OF SOIL SCIENCE. 


ENVIRONMENTAL RESEARCH LAB., GULF 
BREEZE, FL. 
Some Methods for Measuring Effects of Toxi- 
cants on Laboratory- and Field-Colonized Estu- 
arine Benthic Communities, 
W89-01785 5C 


Field and Laboratory Toxicity Tests with 
Shrimp, Mysids, and Sheepshead Minnows Ex- 
posed to Fenthion, 

W89-01905 5C 


Effects of Diet Quantity on Sheepshead Min- 
nows (Cyprinodon variegatus) During Early 
Life-Stage Exposures to Chlorpyrifos, 

W89-01926 5C 


Method for Early Life-Stage Toxicity Tests 
Using Three Atherinid Fishes and Results with 
Chlorpyrifos, 

W89-01940 5C 


ENVIRONMENTAL RESEARCH LAB.- 
NARRAGANSETT, NEWPORT, OR. MARK O. 
HATFIELD MARINE SCIENCE CENTER. 
Phoxocephalid Amphipod Bioassay for Marine 
Sediment Toxicity, 
W89-01948 5A 


ENVIRONMENTAL RESEARCH LAB., 
NARRAGANSETT, RI. 
Comparison of Field and Laboratory Bioaccu- 
mulation of Organic and Inorganic Contami- 
nants from Black Rock Harbor Dredged Materi- 


al, 
W89-01773 5C 


Effect of Diet on Copper Toxicity to Neanthes 
arenaceodentata (Annelida: Polychaeta), 
W89-01920 


ENVIRONMENTAL RESOURCES 
MANAGEMENT-NORTH CENTRAL, INC., 
DEERFIELD, IL. 

Cost Allocation at Superfund Sites, 

W89-02009 5G 


ENVIRONMENTAL SCIENCE RESEARCH 
INST. OF YUNNAN PROVINCE, KUNMING 
(CHINA). 

Protection of the Plateau Lakes in Yunnan Prov- 


ince, 
W89-02194 5G 


ENVIROSPHERE CO., BELLEVUE, WA. 
Systems Ecology and Environmental Law: Do 
They Speak the Same Language, 

W89-01895 6E 


ENWRIGHT LABS., GREENVILLE, SC. 
Isolation and Chemical Characterization of Pe- 
troleum Refinery Wastewater Fractions Acutely 
Lethal to Daphnia magna, 

W89-01950 5A 


ERM-SOUTHEAST, INC., MARIETTA, GA. 
Land Application of Wastewater, 
W89-01479 5D 


ERT, A RESOURCE ENGINEERING CO., 
CONCORD, MA. 
On-site Alternatives for Treatment and Disposal, 
W89-01475 5D 


Textile Wastes, 
W89-01487 sD 


ERT, A RESOURCE ENGINEERING CO., 
FORT COLLINS, CO. 
Hydrocarbon Vapor Plume Definition Using 
Ambient Temperature Headspace Analysis, 
W89-01549 5A 


EXETER UNIV. (ENGLAND). DEPT. OF 
GEOGRAPHY. 
Progressive Alteration of Fine Sediment along 
an Urban Storm Drain, 
W89-01457 2 


FARACI (E.J.) AND ASSOCIATES, WINNIPEG 
(MANITOBA). 
Tomographic Imaging of Ground Water Pollu- 
tion Plumes, 
W89-01679 2F 


FEARO, HALIFAX (NOVA SCOTIA). 
In Situ Contaminants and Environmental Assess- 
ment: An Ecological Summary, 
W89-01725 5c 


FENG CHIA UNIV., TAICHUNG (TAIWAN). 

DEPT. OF HYDRAULIC ENGINEERING. 
Removal of Heavy Metal by Recycling of Waste 
Sludge in the Activated Sludge Process, 
W89-02274 5D 


FISH AND WILDLIFE SERVICE, ANN 
ARBOR, MI. GREAT LAKES FISHERY LAB. 
Assessing the Bioaccumulation of Contaminants 
from Sediments by Fish and other Aquatic Or- 
ganisms, 
W89-01724 5A 


St. Clair River and Lake St. Clair, Michigan: An 
Ecological Profile, 
W89-01770 2H 


Detroit River, Michigan: An Ecological Profile, 
W89-01806 2H 


Degradation of Lake Baikal: Fate and Effects of 
Contaminants Present, 
W89-02171 5B 


FLORIDA INTERNATIONAL UNIV., MIAMI. 
DEPT. OF CIVIL AND ENVIRONMENTAL 
ENGINEERING. 
Compartmentalized One Sludge Bioreactor for 
Simultaneous Removal of Phenol, Thiocyanate, 
and Ammonia, 
W89-02283 5D 


FLORIDA STATE DEPT. OF 
ENVIRONMENTAL REGULATION, 
TALLAHASSEE. 
Key to Preventing Contamination of Ground- 
water by Petroleum Products: Florida’s SUPER 
Act, 
W89-01531 5G 


FLORIDA STATE UNIV., TALLAHASSEE. 
COLL. OF LAW. 
Georges Bank - Common Ground or Continued 
Battleground, 
W89-01513 6E 


FLORIDA STATE UNIV., TALLAHASSEE. 
DEPT. OF GEOLOGY. 
River-Bend Curvature and Migration: How are 
they Related, 
W89-01336 2J 


FLORIDA UNIV., GAINESVILLE. DEPT. OF 
ENVIRONMENTAL ENGINEERING 
SCIENCES, 
Water Conservation Wetland Values, 
W89-01833 2H 


Recovering Viruses from Soils and Aquatic 
Sediments, 
W89-02115 5A 


FLORIDA UNIV., GAINESVILLE. DEPT. OF 
SOIL SCIENCE. 
Software for Teaching Principles of Chemical 
Movement in Soil, 
W89-02208 5B 
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FLORIDA UNIV., GAINESVILLE. INST. OF FOOD AND AGRICULTURAL SCIENCES. 


FLORIDA UNIV., GAINESVILLE. INST. OF 
FOOD AND AGRICULTURAL SCIENCES. 
Responses of Wetlands and Neighboring Eco- 
systems to Wastewater, 
W89-01856 td 


FLORIDA UNIV., GAINESVILLE. SCHOOL 
OF FOREST RESOURCES AND 
CONSERVATION. 

Effects of Pesticide Applications on Forested 

Watersheds, 

W89-01708 sc 


FONDATION UNIV, LUXEMBORGEOISE, 
ARLON (BELGIUM). 
Purification of Domestic wastewater by Three 
Plantings of Heliophytes and a Microphyte 
Lagoon under the Same Temperature Climate 
(Epuration Comparee des Eaux Usees Domesti- 
ques par Trois Plantations Heliophytiques et par 
un Lagunage a Microphytes Sous un Meme Cli- 
mate Tempere), 
W89-01524 5D 


FOTH AND VAN DYKE AND ASSOCIATES, 
INC., GREEN BAY, WI. 
Aerobic Contact Pretreatment of Slaughter- 
house Wastewater, 
W89-02069 5D 


FRENCH (R.H.), LAS VEGAS, NV. 
Cisterns for Water Conservation and Flood 
Control, 
W89-01370 4A 


FRESHWATER BIOLOGICAL ASSOCIATION, 
AMBLESIDE (ENGLAND). 
Thermal ‘Resetting’ of Streams by Reservoir 
Releases with Special Reference to Effects on 
Salmonid Fishes, 
W89-01747 6G 


Natural Siltation of Brown Trout (Salmo trutta 
L.) Spawning Gravels During Low-Flow Con- 
ditions, 

W89-01751 2J 


FRESHWATER BIOLOGICAL ASSOCIATION, 

WAREHAM (ENGLAND), RIVER LAB. 
Classification of Tailwater Sites Receiving Re- 
sidual Flows from Upland Reservoirs in Great 
Britain, Using Macroinvertebrates Data, 
W89-01745 6G 


GARTNER LEE ASSOCIATES LTD., 
MARKHAM (ONTARIO). 
Absorption of Halogenated Organic Compounds 
by Polymer Materials Commonly Used in 
Ground Water Monitors, 
W89-01674 5A 


Comparison of Landfill Design Alternatives 
Based on Ground Water Flow Modeling, 
W89-01680 SE 


GENERAL ELECTRIC CORPORATE 
RESEARCH AND DEVELOPMENT, 
SCHENECTADY, NY. BIOLOGICAL 
SCIENCES BRANCH. 

Biological Degradation of Polychlorinated Bi- 

phenyls, 

W89-02286 5G 


GENEVA UNIV, (SWITZERLAND). UNITE DE 
BIOLOGIE AQUATIQUE, 
Distribution and Annual Dynamics of the 
Benthic Macrofauna of Lake Leman (Petit-Lac) 
as a Function of Depth: Preliminary Results 
(Repartition et Dynamique Annuelle de la Ma- 
crofaune Benthique en Fonction de la Profon- 
deur Dans le Leman (Petit-Lac): Resultats Preli- 
minaires), 
W89-01313 2H 


GEO-CON, INC., PITTSBURGH, PA. 
Slurry Cutoff Walls: Applications in the Control 
of Hazardous Wastes, 
W89-01613 5G 
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Field Permeability Test for Clay Liners, 
W89-01631 7B 


GEOLOGICAL SURVEY, BATON ROUGE, LA. 
Potential Risks to a Sole-Source Aquifer Re- 
charge Area from Waste Disposal Activities: A 
Case Study, 

W89-01670 5B 


GEOLOGICAL SURVEY, DENVER, CO. 
Determining the Distribution of Hydraulic Con- 
ductivity in a Fractured Limestone Aquifer by 
Simultaneous Injection and Geophysical Log- 
ging, 

W89-01404 2F 


GEOLOGICAL SURVEY, LANSING, MI. 
Federal and State Assistance for Action, 
W89-02221 6E 


GEOLOGICAL SURVEY, MENLO PARK, CA. 
WATER RESOURCES DIV. 
Use of Detrended Correspondence Analysis in 
Evaluating Factors Controlling Species Compo- 
sition of Periphyton, 
W89-01607 7C 


GEOLOGICAL SURVEY, RESTON, VA. 
Comprehensive Method of Characteristics 
Models for Flow Simulation, 

W89-01417 2E 


GEOLOGICAL SURVEY, RICHMOND, VA. 
Origin and Influence of Coal Mine Drainage on 
Streams of the United States, 

W89-01315 5B 


GEOLOGICAL SURVEY, TRENTON, NJ. 
Partition of Nonionic Organic Compounds in 
Aquatic Systems, 

W89-01387 5B 


GEOLOGICAL SURVEY, TRENTON, NJ. 
WATER RESOURCES DIV. 
Interpretation of Tidally Affected Ground- 
Water Flow Systems in Pollution Studies, 
W89-01535 5B 


GEORGETOWN UNIV., WASHINGTON, DC. 
DEPT. OF BIOLOGY. 
Use of Heliophrya sp., a Sessile Suctorian Proto- 
zoan, as a Biomonitor of Urban Runoff, 
W89-01903 5C 


GEORGIA INST. OF TECH., ATLANTA. 
SCHOOL OF CIVIL ENGINEERING. 
Testing Methodologies for Landfill Codisposal 
of Municipal and Industrial Wastes, 
W89-01637 5B 


GEORGIA TECH RESEARCH INST., 
ATLANTA. 

Agricultural Wastes, 

W89-01486 


GEORGIA TECHNICAL RESEARCH 
INSTITUTE, ENVIRONMENTAL, HEALTH 
AND SAFETY 

Feasibility of Packed-Bed Anaerobic Treatment 

of Poultry Processing Wastewater, 

W89-02070 5D 


GEORGIA UNIV., ATHENS. DEPT. OF 
BOTANY 


Trophic Significance of Dissolved Organic 
Carbon in Streams, 
W89-01704 2E 


Acid Precipitation Effects on Forest Processes, 
W89-01710 5c 


GEORGIA UNIV., ATHENS. DEPT. OF 
ENTOMOLOGY. 
Aquatic Invertebrate Research, 
W89-01703 


GEORGIA UNIV., ATHENS. DEPT, OF 
MICROBIOLOGY. 
Microbial Transformations of Detrital Carbon in 
Wetland Ecosystems: Effects of Environmental 
Stress, 
W89-01846 5D 


GEOSCIENCE CONSULTANTS LTD., 
ALBUQUERQUE, NM. 
Three Low Cost Pumping Systems For Hydro- 
carbon Contaminated Ground Water, 
W89-01534 5G 


GEOTRANS, INC., HERNDON, VA. 
Numerical Modeling of Salt-Water Intrusion at 
Hallandale, Florida, 
W89-01408 2F 


GERAGHTY AND MILLER, INC., OAK 
RIDGE, TN. 
On-Site Treatment Systems for Aquifer Restora- 
tion Biological Treatment, 
W89-02029 5G 


GESELLSCHAFT FUER STRAHLEN- UND 
UMWELTFORSCHUNG M.B.H. MUENCHEN, 
NEUHERBERG (GERMANY, F.R.). 
Differential Courtship Activity and Alterations 
of Reproductive Success of Competing Guppy 
Males (Poecilia reticulata Peters; Pisces: Poecilii- 
dae) as an Indicator for Low Concentrations of 
Aquatic Pollutants, 
W89-01395 SA 


GILBERT/COMMONWEALTH, INC., 
READING, PA. 
Treatment of Coal Ash/Mine Refuse Leachate: 
A Case History, 
W89-02096 5D 


GLOBE AND MAIL, TORONTO (ONTARIO). 
Role of the News Media in Determining Public 
Policy for the Great Lakes, 

W89-02189 6A 


GOLDER ASSOCIATES, MISSISSAUGA 
(ONTARIO), 
Status Report: The Use of Engineered Covers at 
Waste Disposal Sites, 
W89-01681 SE 


GOLDER ASSOCIATES, VANCOUVER 
(BRITISH COLUMBIA). 
Case Study of the Effects of Brine on a Com- 
pacted Clay Till Liner, 
W89-01671 8D 


GRADIENT CORP., CAMBRIDGE, MA. 
Use of Risk Assessment to Define a Corrective 
Action Plan for Leaking Underground Storage 
Tanks, 
W89-01533 6E 


GREAT LAKES FISHERY COMMISSION, 
ANN ARBOR, ML, 
Uniting Habitat Quality and Fishery Programs 
in the Great Lakes, 
W89-02141 5G 


GRIFFITH UNIV., NATHAN (AUSTRALIA), 
SCHOOL OF AUSTRALIAN 
ENVIRONMENTAL STUDIES. 

Bioaccumulation Behavior of Persistent Organic 

Chemicals with Aquatic Organisms, 

W89-01386 5B 


Influence of Partition Coefficient of Lipophilic 
Compounds on Bioconcentration Kinetics with 
Fish, 

W89-01448 5B 





GROUNDWATER TECHNOLOGY, INC., 
ANNAPOLIS JUNCTION, MD. 
Underground Storage Systems: Leak Detection 
and Monitoring, 
W89-01765 5A 


GUELPH UNIV. (ONTARIO). DEPT. OF 
ENVIRONMENTAL BIOLOGY. 
Use of Limnocorrals in Evaluating the Effects of 
Pesticides on Zooplankton Communities, 
W89-01797 5C 


GUELPH UNIV. (ONTARIO). DEPT. OF 
ZOOLOGY. 
Simple In-Stream Test of Laboratory Findings 
that NTA Protects Fish and Invertebrates 
Against Copper and Zinc, 
W89-01794 5C 


GUNDLE LINING SYSTEMS, INC., 
HOUSTON, TX. 
Accelerated Aging of High Density Polyethyl- 
ene Geomembranes: A Novel Approach, 
W89-02046 SE 


HACETTEPE UNIV., ANKARA (TURKEY). 
DEPT. OF HYDROGEOLOGICAL 
ENGINEERING. 
Natural Recharge of Karst Aquifers in Western 
Taurus Region (Southwestern Turkey), 
W89-02249 2F 


HADASSAH MEDICAL SCHOOL, 
JERUSALEM (ISRAEL). DEPT. OF 
ENVIRONMENTAL HEALTH. 
Cell Cultures and Other Host Systems for De- 
tecting and Quantifying Viruses in the Environ- 


ment, 
W89-02120 SA 


HALCROW (WILLIAM) AND PARTNERS, 
LONDON (ENGLAND). 
Design and Construction of the Isle of Dogs 
Pumping Station, 
W89-01355 5D 


HALIBURTON SERVICES, DUNCAN, OK. 
Cementing to Achieve Zone Isolation, 
W89-01568 SE 


HANOVER UNIV. (GERMANY, F.R.). INST. 
FUER STROEMUNGSMASCHINEN. 
Modeling Turbulent Transport in Stratified Es- 


tuary, 
W89-01419 5B 


HART CROWSER, INC., SEATTLE, WA. 
Desiccation Cracking of Soil Barriers, 
W89-01630 5B 


HAWAII UNIV, AT MANOA, HONOLULU. 
DEPT. OF AGRICULTURAL ENGINEERING. 
Immobilized Mixed Microbial Cells for 
Wastewater Treatment, 
W89-02065 5D 


HEALTH EFFECTS RESEARCH LAB., 
CINCINNATI, OH. 
Recovering Viruses from Sewage Sludges and 
from Solids in Water, 
W89-02113 5A 


HEBREW UNIV. OF JERUSALEM (ISRAEL). 

HUMAN ENVIRONMENT SCIENCES DIV. 
Effect of Salinity and Temperature Gradients on 
the Distribution of Littoral Microalgae in Exper- 
imental Solar Ponds, Dead Sea Area, Israel, 
W89-01521 2H 


HELSINKI UNIV, (FINLAND). INST, OF 
DEVELOPMENT STUDIES. 
Effects of the Development of Rural Water 
Supply on the Geographic Rhythm of the Vil- 
lagers and Agriculture in the Mtwara Region of 
Tanzania (Maaseudun Vesihuollon Paranemisen 
Vaikutus Kylalaisten Maantieleelliseen Rytmiin 
Ja Maanviljelyyn Mtwaran Laanin Alueella 
Tansaniassa), 
W89-01312 3D 
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INDIAN AGRICULTURAL RESEARCH INST., NEW DELHI. NUCLEAR RESEARCH LAB. 


HELSINKI UNIV., LAMMI (FINLAND), 
LAMMI BIOLOGICAL STATION. 
Effects of Experimental Acidification on Phyto-, 
Bacterio- and Zooplankton in Enclosures of a 
Highly Humic Lake, 
W89-01279 5C 


HIROSHIMA UNIV. (JAPAN). FACULTY OF 
APPLIED BIOLOGICAL SCIENCE. 
Influence of Indicator Bacteria on the Incidence 


of Salmonella in Aquatic Environment, 
W89-01510 5A 


HNU SYSTEMS, INC., NEWTON, MA. 
Environmental Analysis Using an Energy-Dis- 
persive X-Ray Fluorescence Analyzer, 
W89-01439 7B 


HUBEI AQUATIC PRODUCTS SCIENCE 
RESEARCH INST. (CHINA). 
Lake Resources and Fisheries Utilization in 
Hubei Province, 
W89-02193 2H 


HYDROANALYSIS, INC., ACTON, MA. 
Mixing and Transport, 
W89-01496 5B 


HYDROMETRICS, INC., HELENA, MT. 
Practical Methodology for Processing and Vali- 
dation of Water Quality Data, 

W89-01684 7B 


HYDROTECHNICA, SHREWSBURY 
(ENGLAND). 
Rainfall - Runoff - Recharge Relationships in the 
Basement Rocks of Zimbabwe, 
W89-02245 2B 


ICF-CLEMENT, WASHINGTON, DC. 
Risk Assessment/Risk Management as a Toxic 
Control Strategy, 
W89-02 167 6A 


IDAHO DEPT. OF FISH AND GAME, BOISE. 
Wildlife Protection, Mitigation, and Enhance- 
ment Plan, Palisades Project, 

W89-01771 5G 


Idaho Habitat Evaluation for Off-Site Mitigation 
Record: Annual Report 1985, 
W89-01777 2H 


IDAHO STATE DEPT. OF HEALTH AND 
WELFARE, BOISE, 
Cyanide Contamination Near Elk City, Idaho: 
The Regulatory Implications, 
W89-01685 5B 


IDAHO UNIV., MOSCOW. DEPT. OF 
CHEMISTRY. 
Arsenic Speciation and Quality of Groundwater 
in a Lead-Zinc Mine, Idaho, 
W89-01456 5B 


IEP, INC., NORTHBOROUGH, MA. 
Soil Gas Survey as a Preliminary Investigative 
Tool for Hydrocarbon Releases: Cost-Effective 
Field Techniques and an Evaluation of Factors 
Influencing the Effectiveness of the Survey, 
W89-01551 5A 


ILLINOIS INST, OF TECH., CHICAGO. 
PRITZKER DEPT. OF ENVIRONMENTAL 
ENGINEERING. 

Maximum Likelihood Analysis of Disinfection 

Kinetics, 

W89-01444 sD 


Bioavailability of Trace Metals in Natural 
Waters, 
W89-01960 5B 


ILLINOIS STATE GEOLOGICAL SURVEY 
DIV., CHAMPAIGN. 
Evaluation of Hazardous Liquid Waste Disposal, 
W89-01690 5E 


ILLINOIS STATE GEOLOGICAL SURVEY 
DIV., CHAMPAIGN. GEOCHEMISTRY 
SECTION. 
Batch Type 24-h Distribution Ratio for Con- 
taminant Adsorption by Soil Materials, 
W89-01658 7B 


ILLINOIS STATE WATER SURVEY DIV., 
CHAMPAIGN. 
Study of Current Underground Injection Con- 
trol Regulations and Practices in Illinois, 
W89-01579 SE 


Concept of Effective Porosity and its Measure- 
ment in Saturated Fine-Grained Porous Materi- 
als, 

W89-01672 2F 


ILLINOIS STATE WATER SURVEY DIV., 
SAVOY. HAZARDOUS WASTE RESEARCH 
AND INFORMATION CENTER. 
Waste Reduction in Illinois: An Overview, 
W89-02037 5G 


ILLINOIS STATE WATER SURVEY, PEORIA. 
WATER QUALITY SECTION. 
Effect of Iron and Zinc Interaction on Algal 
Communities, 
W89-01942 5C 


Role of Phytotoxicity Tests in the Derivation of 
Numerical National Water Quality Criteria, 
W89-01965 


ILLINOIS UNIV. AT CHICAGO CIRCLE. 
International Environmental Law and Policy: 
An Overview of Transboundary Pollution, 
W89-01514 6E 


IMPERIAL CHEMICAL INDUSTRIES LTD., 
BRIXHAM (ENGLAND). 
Wealth Generator or Environmental Protector. 
The Approach of a Chemical Company to Proc- 
ess and Product Development under Increasing 
Environmental Pressures, 
W89-02163 6E 


IMPERIAL COLL. OF SCIENCE AND 
TECHNOLOGY, LONDON (ENGLAND). 
DEPT. OF CIVIL ENGINEERING. 

Pollution Control Legislation, 

W89-02100 6E 


Determination of Heavy Metals in Wastewater 
Matrices, 
W89-02101 5A 


Chemical Speciation of Heavy Metals in Sewage 
Sludge and Related Matrices, 
W89-02102 5B 


Physical and Electrochemical Speciation, 
W89-02103 SA 


Primary Mechanical Treatment, 
W89-02105 


Biological Treatment, 
W89-02106 sD 


Sludge Disposal to Land, 
W89-02109 SE 


Sludge Disposal to Sea, 
W89-02110 SE 


INDIAN AGRICULTURAL RESEARCH INST., 
NEW DELHI. NUCLEAR RESEARCH LAB. 
Studies on Natural Recharge to the Groundwat- 
er by Isotope Techniques in Arid Western Ra- 
jasthan, India, 
W89-02236 2F 





INDIANA UNIV. AT BLOOMINGTON. 


INDIANA UNIV. AT BLOOMINGTON. 
Industrial Siting in a Developing Country the 
Case of Argentina - Its Context - the Environ- 
mental Dimension, Hazardous Waste and Large 
Lakes, 

W89-02184 6G 


INSITU CONSULTING, LARAMIE, WY. 
Vadose Model of Gasoline Leak, 
W89-01561 


INSTITUT D’HYGIENE, GENEVA 
(SWITZERLAND). 
Physico-chemical, Bacteriological, and Biologi- 
cal Study of the Genevan Allondon River Basin 
(Etude Physico-chimique, Bacteriologique et 
Biologique de I’Allondon Genevoise), 
W89-01314 sc 


INSTITUT NATIONAL DE LA RECHERCHE 
SCIENTIFIQUE, SAINTE-FOY (QUEBEC). 
CENTRE DE L’ENERGIE. 
Model for Infiltration in Frozen Soils that Ac- 
counts for Water Quality (Un modele pour I’In- 
filtration dans les Sols Geles tenant compte de la 
Qualite de Il’Eau), 
W89-01339 2G 


INSTITUTE FOR EUROPEAN 
ENVIRONMENTAL POLICY, LONDON 
(ENGLAND). 
Pollution Hazards of Agriculture, 
W89-02185 


INSTITUTE OF GAS TECHNOLOGY, 
CHICAGO, IL. 
Biogasification of Sorghum in a Novel Anaero- 
bic Digester, 
W89-02067 5D 


Effects of Environmental Factors on Acid-Phase 
Digestion of Sewage Sludge, 
W89-02076 5D 


INSTITUTE OF HYDROLOGY, 
WALLINGFORD (ENGLAND). 
Towards a Rational Assessment of Residual 
Flows Below Reservoirs, 
W89-01754 2E 


INSTITUTE OF OCEANOGRAPHIC AND 
FISHERIES RESEARCH, ATHENS (GREECE). 
Relationships of Phytoplankton with Certain 
Environmental Factors in the South Euboikos 
Gulf (Greece), 
W89-01520 2L 


INSTITUTE OF TERRESTRIAL ECOLOGY, 
HUNTINGDON (ENGLAND). MONKS WOOD 
EXPERIMENTAL STATION. 
Lead and Mercury in the Mediterranean, 
W89-02132 5B 


INSTITUTO DE GEOCRONOLOGIA Y 
GEOLOGIA ISOTOPICA, BUENOS AIRES 
(ARGENTINA). 
Groundwater Recharge and Subsurface Flow in 
the Comodoro Rivadavia Area, Chubut Prov- 
ince, Argentina: Isotopic and Hydrochemical 
Study, 
W89-02247 2F 


INSTITUTO NACIONAL DE INVESTIGACAO 
DES PESCAS, LISBON (PORTUGAL). 
Phytoplankton Bloom in Shallow Divor Reser- 
voir (Portugal): The Importance of Internal Nu- 
trient Loading, 
W89-01282 5C 


INSTITUTUL DE FIZICA SI INGINERIE 
NUCLEARA, BUCHAREST (ROMANIA). 
TRACER HYDROLOGY LAB. 
Hydrological Tracers, 
W89-01982 
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Behavior of Artificial Tracers, 
W89-01983 7B 


Tracer Methodology in Hydrology, 
W89-01984 2A 


Monte Carlo Method in Radiotracer Experi- 
ments, 
W89-01985 2A 


Characteristics of Aquifers in Porous Media, 
W89-01987 


Flowthrough Hydrokarstic Structures, 
W89-01988 


INSTITUTUL DE METEOROLOGIE SI 
HIDROLOGIE, BUCHAREST (ROMANIA). 
ENVIRONMENTAL ISOTOPE LAB. 
Tracer Investigations in Geothermal Systems, 
W89-01989 2F 


INTERA TECHNOLOGIES LTD., CALGARY 
(ALBERTA). 
Objective Rainfall Evaluation in Radar Hydrol- 


ogy, 

W89-01368 7C 
INTERNATIONAL CROPS RESEARCH INST. 
FOR THE SEMI-ARID TROPICS, 
PATANCHERU (INDIA). 

Natural Recharge Measurements in the Hard 

Rock Regions of Semi-Arid India Using Tritium 


Injection - A Review, 
W89-02234 7B 


INTERNATIONAL INST. FOR APPLIED 
SYSTEMS ANALYSIS, LAXENBURG 
(AUSTRIA). 
Model-Based Education Support Systems: Ap- 
plication to Large Lakes and Hazardous Waste 
Management, 
W89-02181 6A 


INTERNATIONAL JOINT COMMISSION- 
UNITED STATES AND CANADA, 
COLUMBUS, OH. 

Report of The Flathead River International 

Study Board. 

W89-01808 4c 


Supplementary Report of The Flathead River 
International Study Board. 
W89-01809 5G 


INTERNATIONAL JOINT COMMISSION- 
UNITED STATES AND CANADA, WINDSOR 
(ONTARIO). 
Protocol for the Selection of Process-Oriented 
Remedial Options to Control In Situ Sediment 
Contaminants, 
W89-01735 5G 


INTERNATIONAL JOINT COMMISSION- 
UNITED STATES AND CANADA, WINDSOR 
(ONTARIO). GREAT LAKES REGIONAL 
OFFICE. 

Interactions Between Sediment Contaminants 

and Benthic Organisms, 

W89-01719 5B 


Contaminants in Lake Ontario - A Case Study, 
W89-02174 5B 


INTERNATIONAL LAB. OF MARINE 
RADIOACTIVITY, MONACO-VILLE 
(MONACO), 

Low Levels of Copper and Lead in a Highly 

Industrialized River, 

W89-01442 7B 


Intercalibration of Analytical Methods on 
Marine Environmental Samples. Results of 
MEDPOL-II Exercise for the Intercalibration of 
Chlorinated Hydrocarbon Measurements on 
Mussel Homogenate (MA-M-2/OC). 

W89-01780 5A 


Intercalibration of Analytical ethods on Marine 
Environmental Samples: Results of MEDPOL II 
Exercise for the Intercomparison of Trace Ele- 
ment Measurements on Mussel Tissue Homog- 
enate and Marine Sediment (MA-M-2/TM and 
SD-N-1/2/TM). 

W89-01813 SA 


INTERNATIONAL MINERALS AND 
CHEMICAL CORP., DETROIT, MI. 
Influence of Inorganic Permeants Upon the Per- 
meability of Bentonite, 
W89-01617 5G 


INTERNATIONAL WATER SUPPLY 

ASSOCIATION, LONDON (ENGLAND). 
International Comparison of Water Prices, 
W89-01427 6C 


IOWA DEPT. OF NATURAL RESOURCES, 
IOWA CITY. 

Nitrates in lowa Groundwater, 

W89-02199 


IOWA STATE UNIV., AMES. DEPT. OF 
AGRONOMY. 
Losses and Transport of Nitrogen from Soils, 
W89-02201 5B 


IOWA UNIV., IOWA CITY. 
Biotransformation, 
W89-01868 5B 


Nonbiological Transformation, 
W89-01869 5B 


IOWA UNIV., IOWA CITY. DEPT. OF CIVIL 

AND ENVIRONMENTAL ENGINEERING. 
Bioaugmentation of Stressed Anaerobic Filters 
with Methanogenic Enrichment Cultures, 
W89-02034 5D 


ISTITUTO DI RICERCA SULLE ACQUE, 
MILAN (ITALY). REPARTO SPERIMENTALE 
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W89-01678 W89-01762 W89-01846 W89-01929 
W89-01679 W89-01763 W89-01847 W89-01930 
W89-01680 W89-01764 W89-01848 W89-01931 
W89-01681 W89-01765 W89-01849 W89-01932 
W89-01682 W89-01766 W89-01850 W89-01933 
W89-01683 W89-01767 W89-01851 W89-01934 
W89-01684 W89-01768 W89-01852 W89-01935 
W89-01685 W89-01769 W89-01853 W89-01936 
W89-01686 W89-01770 W89-01854 W89-01937 
W89-01687 W89-01771 W89-01855 W89-01938 
W89-01688 W89-01772 W89-01856 W89-01939 


A-2 








W89-01940 
W89-01941 
W89-01942 
W89-01943 
W89-01944 
W89-01945 
W89-01946 
W89-01947 
W89-01948 
W89-01949 
W89-01950 
W89-01951 
W89-01952 
W89-01953 
W89-01954 
W89-01955 
W89-01956 
W89-01957 
W89-01958 
W89-01959 
W89-01960 
W89-01961 
W89-01962 
W89-01963 
W89-01964 
W89-01965 
W89-01966 
W89-01967 
W89-01968 
W89-01969 
W89-01970 
W89-01971 
W89-01972 
W89-01973 
W89-01974 
W89-01975 
W89-01976 
W89-01977 
W89-01978 
W89-01979 
W89-01980 
W89-01981 
W89-01982 
W89-01983 
W89-01984 
W89-01985 
W89-01986 
W89-01987 
W89-01988 
W89-01989 
W89-01990 
W89-01991 
W89-01992 
W89-01993 
W89-01994 
W89-01995 
W89-01996 
W89-01997 
W89-01998 
W89-01999 
W89-02000 
Ws89-02001 
W89-02002 
W89-02003 
W89-02004 
W89-02005 
W89-02006 
W89-02007 
W89-02008 
W89-02009 
W89-02010 
W89-02011 
W89-02012 
W89-02013 
W89-02014 
W89-02015 
W89-02016 
W89-02017 
W89-02018 
W89-02019 
W89-02020 
W89-02021 
W89-02022 
W89-02023 


W89-02024 
W89-02025 
W89-02026 
W89-02027 
W89-02028 
W89-02029 
W89-02030 
W89-02031 
W89-02032 
W89-02033 
W89-02034 
W89-02035 
W89-02036 
W89-02037 
W89-02038 
W89-02039 
W89-02040 
W89-02041 
W89-02042 
W89-02043 
W89-02044 
W89-02045 
W89-02046 
W89-02047 
W89-02048 
W89-02049 
W89-02050 
W89-02051 
W89-02052 
W89-02053 
W89-02054 
W89-02055 
W89-02056 
W89-02057 
W89-02058 
W89-02059 
W89-02060 
W89-02061 
W89-02062 
W89-02063 
W89-02064 
W89-02065 
W89-02066 
W89-02067 
W89-02068 
W89-02069 
W89-02070 
W89-02071 
W89-02072 
W89-02073 
W89-02074 
W89-02075 
W89-02076 
W89-02077 
W89-02078 
W89-02079 
W89-02080 
W89-02081 
W89-02082 
W89-02083 
W89-02084 
W89-02085 
W89-02086 
W89-02087 
W89-02088 
W89-02089 
W89-02090 
W89-02091 
W89-02092 
W89-02093 
W89-02094 
W89-02095 
W89-02096 
W89-02097 
W89-02098 
W89-02099 
W89-02100 
W89-02101 
W89-02102 
W89-02103 
W89-02104 
W89-02105 
W89-02106 
W89-02107 
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W89-02108 
W89-02109 
W89-02110 
Ww89-02111 
W89-02112 
W89-02113 
W89-02114 
W89-02115 
W89-02116 
W89-02117 
W89-02118 
W89-02119 
W89-02120 
W89-02121 
W89-02122 
W89-02123 
W89-02124 
W89-02125 
W89-02126 
W89-02127 
W89-02128 
W89-02129 
W89-02130 
W89-02131 
W89-02132 
W89-02133 
W89-02134 
W89-02135 
W89-02136 
W89-02137 
W89-02138 
W89-02139 
W89-02140 
W89-02141 
W89-02142 
W89-02143 
W89-02144 
W89-02145 
W89-02146 
W89-02147 
W89-02148 
W89-02149 
W89-02150 
W89-02151 
W89-02152 
W89-02153 
W89-02154 
W89-02155 
W89-02156 
W89-02157 
W89-02158 
W89-02159 
W89-02160 
W89-02161 
W89-02162 
W89-02163 
W89-02164 
W89-02165 
W89-02 166 
W89-02167 
W89-02168 
W89-02169 
W89-02170 
W89-02171 
W89-02172 
W89-02173 
W89-02174 
W89-02175 
W89-02176 
W89-02177 
W89-02178 
W89-02179 
W89-02180 
W89-02181 
W89-02182 
W89-02183 
W89-02184 
W89-02185 
W89-02186 
W89-02187 
W89-02188 
W89-02189 
W89-02190 
W89-02191 


W89-02192 
W89-02193 
W89-02194 
W89-02195 
W89-02196 
W89-02197 
W89-02198 
W89-02199 
W89-02200 
W89-02201 
W89-02202 
W89-02203 
W89-02204 
W89-02205 
W89-02206 
W89-02207 
W89-02208 
W89-02209 
W89-02210 
W89-02211 
W89-02212 
W89-02213 
W89-02214 
W89-02215 
W89-02216 
W89-02217 
W89-02218 
W89-02219 
W89-02220 
W89-02221 
W89-02222 
W89-02223 
W89-02224 
W89-02225 
W89-02226 
W89-02227 
W89-02228 
W89-02229 
W89-02230 
W89-02231 
W89-02232 
W89-02233 
W89-02234 
W89-02235 
W89-02236 
W89-02237 
W89-02238 
W89-02239 
W89-02240 
W89-02241 
W89-02242 
W89-02243 
W89-02244 
W89-02245 
W89-02246 
W89-02247 
W89-02248 
W89-02249 
W89-02250 
W89-02251 
W89-02252 
W89-02253 
W89-02254 
W89-02255 
W89-02256 
W89-02257 
W89-02258 
W89-02259 
W89-02260 
W89-02261 
W89-02262 
W89-02263 
W89-02264 
W89-02265 
W89-02266 
W89-02267 
W89-02268 
W89-02269 
W89-02270 
W89-02271 
W89-02272 
W89-02273 
W89-02274 





W89-02275 


W89-02275 5D W89-02278 5D 
W89-02276 5D W89-02279 SD 
W89-02277 5D W89-02280 5D 
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W89-02281 5D W89-02284 5D 
W89-02282 5D W89-02285 5G 
W89-02283 SD W89-02286 5G 


@U, S,GOVERNMENT PRINTING OFF ICE :1989-742-196:90998 














Subject Fields 


1989 Price Schedules for the United States, Canada, 
and Mexico 


NATURE OF WATER These prices are for customers in the United States, Canada, and 


Mexico; other customers, write for price list PR-360-4. 


Microfiche & Paper Copy Computer Products 
Reports 


Standard Prices Exception Prices _Diskettes Magnetic Tapes 


AOL cece $6.95 EOV cnere$9.00 DOP carsrae TOL socncese $150 
R02 oe 10.95 E02 eee 9.50 DO2 vrrsnese TOR serene 210 
ROB oie 93.95 E08 ce 3.00 DOB acnsne T08 crn 325 

WATER SUPPLY AUGMENTATION A4-A05 15.95 E04 1550 DOE nssun TO nnsesn 425 
AND CONSERVATION AO6-A09 21.95 E05 one 9750 DOS ciceane TOS vince 525 
AIO-A13 ..2895 £06 ......2050 006 TO6 oensnn 625 
AN4A17 236.95 E07 ee 23.00 DOT crcncenee325 TOP cers 225 
AIB-A21 24295 E08 oo 2550 DOB cacnssne375 — TO8 825 

WATER QUANTITY MANAGEMENT A22-A25 ..4995 E09.......28.00  DO9..... T09 on csnee 925 
AND CONTROL Ag9 B10 nee BH.00 DIO ccs THO cece 1,025 
ENT 3350 DID casesne TH cece 1,125 
E12 ie 3650 DIZ veers TH2 css 1,225 


WATER QUALITY MANAGEMENT gamma A aa Li daamaaae = 


ENF cA250 DIA TM4 econ 1,425 

AND PROTECTION Published E15 ccs 46.00 DIS oe T15 1,525 
States E16 case 9090 DIG sation TYG -nncn03 (620 

Special EN? iO DIT ecco TAT vocaoesteles 

Diechvles E18 2.09000 DIB cscane THB sees 1,825 

B19 6050 OID cencnene TE. 
WATER RESOURCES PLANNING a i a a a ae 
2 cs OD EDD ecsateces 


SS3NISNS TVIDISZ4I0 
LQLZZ WA ‘pleyBuuds 


peoy jeAoy 40d S8Z7S 


EdIAEG UONeBWOjU] jENUY4IE] jEUOHEN 


WATER CYCLE 


O0ES ‘ASN AeA 404 Ayjeued 


3DYuaWWOD JO LNAWLYVd3ad ‘SN 


* Contact NTIS for price 





RESOURCES DATA 


Prices effective January 1, 1989 








ENGINEERING WORKS 


MANPOWER, GRANTS, AND 
FACILITIES 


SCIENTIFIC AND TECHNICAL 
INFORMATION 


Y3AOIdWA ALINNLYOddO 1VNDI NV 


INDEXES 


SUBJECT INDEX 


AUTHOR INDEX 


LLe-WOU 
JOH3IWWOO JO IN3IWLYVd3;0 SN 


ORGANIZATIONAL INDEX 


Oivd $334 GNV 39VLSOd 


ACCESSSION NUMBER INDEX 





aiey Sse yinoy jeoads 





